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Pseudomonas aeruginosa, a ubiquitous Gram-negative bacterium is counted among the most clinical 
relevant pathogens according to the World Health Organization (WHO). The opportunistic pathogen is 
able to form biofilms and persister cells, which makes it hard to eradicate and renders common 
antibiotic treatment ineffective. These factors are under control of the Pseudomonas Quinolone Signal 
(PQS) quorum sensing (QS) system, which thereofre displays an attractive drug target. 
This work describes the design and synthesis of novel PqsR inverse agonists based on a previously 
described hit compound. A highly divergent synthetic route was established and enabled the synthesis 
of various classes of 2-(trifluoromethyl)pyridin-4-amines providing deep structure-activity relationship 
(SAR) insights. Lead generation resulted in a highly active optimized compound possessing also good 
drug metabolism and pharmacokinetic (DMPK) properties. Furthermore, this compound showed 
in vivo target engagement in a murine lung infection model. Based on this lead compound, a medicinal 
chemistry-driven multiparameter optimization allowed for deeper insights into structure-activity 
relationship (SAR) and structure-property relationship (SPR). In the course of this thesis, several 
compounds were synthesized with improved activity, solubility and metabolic stability. In addition, 
















Pseudomonas aeruginosa, ein omnipräsentes Gramnegatives Bakterium zählt laut 
Weltgesundheitsorganisation (WHO) zu den klinisch relevantesten Pathogenen. Dieses 
opportunistische Pathogen ist in der Lage, Biofilme und Persisterzellen zu bilden, die eine Eradizierung 
erschweren und übliche Antibiotika Therapien ineffektiv werden lassen. Diese Faktoren unterliegen 
dem Pseudomonas Quinolone Signal (PQS) Quorum Sensing (QS) System, welches dabei ein attraktives 
Target zur Behandlung dar. 
Diese Arbeit beschreibt das Design und die Synthese von neuen PqsR inversen Agonisten, basierend 
auf einer bereits beschriebenen hit Verbindung. Eine hoch divergente Syntheseroute wurde dabei 
etabliert und ermöglichte die Synthese verschiedener Klassen von 2-(Trifluoromethyl)pyridin-4-
aminen und lieferte tiefe Einblicke in die Struktur-Aktivitätsbeziehungen. Die Leitstruktur Generierung 
brachte eine hoch-aktive Verbindung hervor, die ebenso über gute pharmakokinetische Eigenschaften 
verfügte und in einem murinen Lungeninfektionsmodel in vivo target engagement zeigte. Ausgehend 
von dieser Leitstruktur lieferte eine medizinal-chemische Multiparameter-Optimierung tiefe Einblicke 
in Struktur-Aktivitätsbeziehungen und Struktur-Eigenschaftsbeziehungen. Im Zuge dieser Leitstruktur 
Optimierung wurden verschiedene Verbindungen mit verbesserter Aktivität, Löslichkeit und Stabilität 
























AhR aryl hydrocarbon receptor 
AMR antimicrobial resistance 
AUC area under curve 








CF cystic fibrosis 
CFU colony forming units 
cpd compound 
CuAAC copper(I)-catalyzed azide alkyne cycloaddition 
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DMPK drug metabolism and pharmacokinetics 
DMSO dimethylsulfoxide 
DNA deoxyribonucleic acid 
DPPA diphenyl phosphoryl azide 
dppf 1,1'-bis(diphenylphosphino)ferrocene 
eDNA extracellular DNA 
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Et ethyl 
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FDA Food and Drug Administration 
GP general procedure 
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h S9 human S9 fraction 
hERG human Ether-a-go-go Related Gene 
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HQNO 2-heptyl-4-hydroxyquinoline N-oxide 
HRMS high resolution mass spectrometry 
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NMR nuclear magnetic resonance spectroscopy 
OMPTA outer membrane protein targeting antibiotics 
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Ph phenyl 
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rt room temperature 
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Skin kinetic solubility 
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1.1. Antibiotic resistance 
It is widely acknowledged that the “golden era” of antibiotics is over. Right now, in this time of ever-
increasing antimicrobial resistance (AMR), we can no longer take the fruitful efforts, discoveries and 
developments of early antibiotic research for granted. Annually, the death toll resulting from resistant 
infections is estimated to be 700,000 and predicted to increase to 10 million deaths per year by 2050.1 
Even though bacterial resistance is increasing, the discovery of novel antibiotics is decreasing. In the 
past 20 years, only two new classes of antibiotics were introduced whereas all other recently approved 
antibacterial drugs were derivatives of already known classes.2,3 Even worse, for Gram-negative 
bacteria there has been no innovative new antibacterial agent for the past 40 years. As depicted in 
Figure 1.1.1, there are now resistant strains for most of the commonly used antibiotics. It is worth 
mentioning, that resistance often occurs already shortly after approval of an antibiotic. There are more 
reasons for the rise of AMR than economic and scientific barriers in drug discovery.4–6 The massive 
overuse of antibiotics in agriculture is alarming. In 2010, 80% of antibiotics sold in the US were used in 
lifestock either for growth promotion and/or in order to prevent infections. Moreover, there is no data 
available justifying the abundant use of these preventive measures.7 The 2018 FDA report on 
antimicrobials sold or distributed for use in food-producing animals states that 48% of the antibiotics 
used were not medically required.8 
 
Figure 1.1.1: Timeline of antibiotics approved and resistances discovered.9 
AMR is not only an issue of the possible forthcoming and much-dreaded “post-anitbiotic era” but also 
a result of natural evolution. Resistance already started occurring ages before humans began using 
antibiotics to treat infections.10 Genes transferring resistance are found in 30,000-year-old permafrost 
samples as well as in bacterial cultures hailing from caves where no human being has set a foot 
before.10 The latter proved that for the past four million years resistance against 14 antibiotics has 
already existed. Moreover, indigenous people in South America were home to a host-associated 





microbiome, which proved to encode various genes responsible for antibiotic resistance.11 The armory 
of this ancient defense mechanism is vast and resistance is a complex, multifactorial issue. Summarized 
as the “antibiotic resistome”, the concept of understanding and studying origins and evolution of 
bacterial resistance explains how microbes are able to escape and ultimately survive antibiotic 
treatment. The term resistome describes the entirety of bacterial resistance genes, known or 
unknown, and covers both, intrinsic and acquired resistance genes. It also includes proto-resistance 
genes and silent or cryptic resistance genes.11–13 Whenever bacteria become resistant towards 
antibiotics, the mechanism they make use of can be grouped into the following four: (i) the inactivation 
or modification of the antibiotic, (ii) protection, alteration or overexpression of the target, (iii) efflux 
pumps, either generalist or antibiotic-specific and (iv) reduced cell wall permeability (Figure 1.1.2).14  
 
Figure 1.1.2: Mechanisms of antimicrobial drug resistance. 
P. aeruginosa is, among other bacterial species, capable to form biofilms. In these biofilms, planktonic 
cells start to stick to each other and adhere to a surface.15,16 Over time, these cells start to produce 
extracellular polymeric substances (EPS) which they embed themselves into.17 These EPS include 
rhamnolipids, extracellular DNA (eDNA), exopolysaccharides and various proteins and renders 
antibiotic treatment difficult. Resistance in this biofilm habitat is increased up to 1000-fold compared 
to planktonic bacteria.18 This indicates differences in the drug-resistance arsenal of biofilm cultures 
compared to planktonic cells, making it even more difficult to combat. P. aeruginosa biofilms are 
known to delay penetration and delivery of aminoglycosides, such as tobramycin via increased 





expression of efflux pumps and eDNA secretion.19–22 Ciprofloxacin, on the other hand, does not suffer 
from impaired penetration but rather from an overexpression of efflux pumps and 
resistance-promoting target-site modification.23–25 The biofilm architecture creates a nutrient and 
oxygen gradient and therefore accounts for a high population heterogeneity. Among the bacteria 
within this construct, metabolic activity fluctuates, leading to differences in their susceptibility towards 
antibiotic therapy. These “dormant” bacteria significantly enhance biofilm resilience, since most 
antibiotics aim for metabolically active bacteria. Moreover, the aforementioned oxygen uptake was 
also found to be crucial when it comes to treatment with ciprofloxacin and tobramycin. It has been 
observed that these antibiotics killed only bacteria adjacent to the air interface, stressing how 
important oxygen levels and metabolic activity are for successful treatment.26 The surviving small 
fraction of these biofilm cells is referred to as persister cells and further amplifies resistance.27 
1.2. Pathoblocker approach 
Since resistance occurs upon selective pressure, killing bacteria might have some intrinsic flaws. 
Moreover, most antibiotics do not differentiate between pathogenic strains and the beneficial host 
microbiome, leading to unwanted side effects of antibiotic therapy. A novel approach to circumvent 
the aforementioned issues is the so-called “pathoblocker approach” or “antivirulence-therapy”. As the 
name already suggests, antivirulence agents target bacterial virulence factors rather than growth or 
survival. Virulence is the ability of pathogens to cause diseases making use of virulence factors that 
actively cause damage to host tissues. Since these are selective for the pathogens but not the 
microbiome, the latter is preserved, which further helps reducing the pathogens ability to colonize the 
host. The commensal microbiome protects the host against infections and therefore is of high 
importance. Because classical bactericidal or bacteriostatic effects are avoided and virulence factors 
seem to be non-essential, bacteria may experience less selective pressure, ultimately resulting in less 
sensitivity for resistance development. Attenuating bacterial virulence, which mediates tissue damage 
in hosts could lead to less morbidity and improved quality of life, especially for patients suffering from 
chronic infections. Finally, yet importantly, the chemical space for addressing the numerous possible 
antivirulence targets is vast compared to the limited number of classical antibiotic targets.28–39 
Nevertheless, targeting virulence might not be spared from resistance development as it has been 
discussed among the scientific community recently, resistance has already been observed.40,41 The 
most prominent examples validating this approach are monoclonal antibodies (mAb) with 
Bezlotoxumab as the spearhead. The FDA approved the Clostridium difficile toxin B-targeting agent in 
2016 for treatment of recurrent C. difficile infections.42 Moreover, PA virulence factors such as alginate 
and lipopolysaccharides are addressed by mAbs AR-105 and AR-101, respectively. The latter 
successfully completed Phase II clinical trials and AR-105 is in Phase II trials. Furthermore, the S. aureus 





toxin-targeting mAb AR301 is already in Phase III clinical trials.43 Novel strategies for attenuating 
virulence in PA have been vastly discussed in literature and emphasize the potential of this new kind 
of therapy.16,44 
1.3. Antibiotic Drug Discovery 
In the “golden era” of antibiotic drug discovery, many antibacterial agents have been established. 
Among them are classical mechanisms of actions like inhibition of cell-wall biosynthesis, the ribosome 
or DNA gyrase. In the 1940s, the so-called “Waksman platform” was giving birth to novel antibiotics 
for over 20 years. The systematic screening made use of streptomycetes which also earned 
streptomycin, the first aminoglycoside antibiotic, its name. Nevertheless, the pharmaceutical industry 
turned its back on the once Nobel Prize awarded technique since streptomycetes as well as other 
actinomycetes were exploited and only compounds that had already been discovered were obtained. 
With increasing resistance towards the well-established natural product-derived antibiotics, avenues 
were opened up for the medicinal chemistry era. Innovative structural modifications of natural 
scaffolds promoted successful antibiotic treatments again, which at first avoided resistance and 
expanded the spectrum of antimicrobial drugs. The discovery of the fluoroquinolones as a class of 
synthetic antibiotics was a breakthrough and displayed the potential of medicinal chemistry in drug 
discovery projects. Then, the innovation pipeline of antibiotics ran dry and no new class was introduced 
until 1986, when daptomycin was discovered. However, it took 17 more years for the drug to hit the 
market and only one year later resistant bacterial strains were already detected. In the 1990s, 
resistance was spreading faster than new antibiotics were discovered, giving the starting shot for the 
race against antimicrobial drug resistance. The pharmaceutical industry focused on rational drug 
design guided by the likes of genomics, high-throughput screenings (HTS) and combinatorial chemistry. 
Even though at the time it was believed that with the help of genomics, novel targets could be found 
and thus feeding the HTS machinery would solve the problem, no new antibacterial drug against 
important pathogens were developed.45–47 Most of the large pharmaceutical companies left the field 
of antibiotic research creating a void which could be filled by small and medium-sized companies 
(SMEs).48 Nevertheless, economic and regulatory barriers, disregarding scientific ones, make it hard to 
discover and develop novel antibiotics. Not only the lack of funding as well as the high demand for 
patients in expensive clinical trials are to mention here. But the main issue might be the limited market 
potential for newly licensed antibacterial drugs and, hence, lack of economic incentives.47  
 





1.4. Importance of drug-like properties 
When it comes to lead optimization, focusing on improving only activity alone will not deliver a drug 
suitable for use in human patients. Various studies suggest that the high attrition rate of compounds 
in clinical development is due to insufficient pharmacokinetic properties.49–52 It is believed that 
physicochemical properties such as size, hydrogen bonding descriptors, pKa and lipophilicity are 
essential for promising high-quality drug candidates. As described in Figure 1.4.1, optimizing activity 
only leads to good ligands, whereas optimization of activity and DMPK (drug metabolism and 
pharmacokinetics) properties result in good drugs. Some important parameters for successful drug 
discovery are depicted in Figure 1.4.1 B. Good drugs need to be soluble and chemically stable. 
Depending on the target, a drug must be active and selective. Safety pharmacology aspects play a 
significant role and should be considered as early as possible, e.g. when designing libraries for 
screenings or hit-to-lead/lead optimization. Moreover, a novel structural space should be addressed 
in order to acquire intellectual property. 
 
Figure 1.4.1: A: different optimization aspects yield either good drugs or good ligands. B: Important parameters for successful 
drug discovery (adapted from 53,54) 
One of the most important properties concerning the quality of a good lead and, in the end, a novel 
drug is lipophilicity.55 The role of this important PK parameter is reflected in a study in which 
compounds that differed in lipophilicity either failed due to clinical safety in Phase I or succeeded and 
progressed to Phase II. Nevertheless, attrition reasons are manifold and not just one-dimensional.49 
This means that not only SAR should be considered when deciding which way to go in a drug discovery 
project but also structure-property-relationships (SPR). The combination of both serves as an excellent 
tool for prioritizing compounds based on multifactorial data sets. This leads to an easier early-stage 
optimization, thus resulting in better compounds for very expensive in vivo studies.56  





1.5. Role of medicinal chemistry in drug discovery 
Medicinal chemistry has always played and is still playing a major role in the process of drug discovery 
and development. In the past, medicinal chemists focused on semisynthesis of existing natural 
products, e.g. tetracyclines or aminoglycosides. Since then the focus has shifted more and more and 
medicinal chemists have become involved in multifactorial and interdisciplinary projects, expanding 
their role from just synthesizing compounds to their evaluation and multiparameter optimization. 
Among the highlights of synthetic antibacterial drugs are compound classes such as fluoroquinolones, 
carbapenems and oxazolidinones, not to mention the first synthetic antibiotics such as arsenicals and 
sulfa drugs.57 While in the past, chemists were not in charge of selecting a suitable target, nowadays 
medicinal chemists are involved in the drug discovery process from the beginning. Starting with 
selection of biological targets and e.g. the choice of screening-libraries and hit selection, moving to 
chemical space exploration, interpretation of SAR studies and lead generation, ultimately resulting in 
scale-up and reaction optimization for a pre-clinical candidate. While in the early days, medicinal 
chemists more or less focused solely on activity when optimizing a compound, pharmacokinetic 
properties such as solubility or metabolic stability were often disregarded, resulting in high attrition 
rates.52,58 Especially in the discovery phase and early development, medicinal chemists can accelerate 
the drug discovery process and thus reduce costs (Figure 1.5.1). 
 
Figure 1.5.1: Schematic depiction of the drug discovery pipeline.59 
The great impact innovation in organic chemistry has had and still has on drug discovery and 
development ultimately peaked in 2010 when Richard F. Heck, Ei-ichi Negishi and Akira Suzuki were 
awarded the Nobel Prize in chemistry for their groundbreaking work on “palladium-catalyzed cross 





couplings in organic synthesis”.60 These innovations served as a blueprint for medicinal chemists of the 
21st century and the Suzuki-Miyaura and Buchwald-Hartwig reactions, besides other Pd-catalyzed cross 
couplings, are among the most abundant chemical transformations in the medicinal chemists’ 
toolbox.61–66 The synthesis of the last-resort antibiotic vancomycin makes use of the Suzuki-Miyaura 
coupling and represents one of many examples.67–69 Uehling et al. recently reported the utilization of 
the Buchwald-Hartwig coupling as a late modification to access complex molecules in a fast and 
efficient manner, using oxidative addition complexes.70 The so-called „click chemistry“, a term 
established by K. B. Sharpless represents another widely used application of organic chemistry in drug 
discovery.71–73 One of the most prominent examples is the 1,3-dipolar cycloaddition of alkynes and 
azides catalyzed by copper(I) (CuAAC = copper(I)-catalyzed alkyne azide cycloaddition) to yield 1,2,3-
triazoles. CuAAC not only provides fast access to large compound libraries, as it is perfectly suited for 
combinatorial chemistry, but also plays an important role in biorthogonal methods.74–78  
On the one hand, synthetic organic chemistry might be among the most crucial time-consuming and 
rate-limiting factors within the drug discovery process. On the other hand, medicinal chemists in 
integrated drug discovery projects serve an important role and can ultimately speed-up especially lead 
generation and optimization as well as scale-up and process development.79 Very recently, Russell et 
al. have reported an innovative and fast flow chemistry-based synthesis of linezolid, an antibiotic of 
last resort.80 This emphasizes the impact of organic chemistry on the workflow in drug discovery relying 
on medicinal chemist’s in-depth knowledge of state-of-the-art technologies in organic chemistry but 
also on the ability to tackle eventual DMPK problems. Conclusively, medicinal chemists are still of high 















1.6. Targeting the Pseudomonas aeruginosa PQS System 
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2. Aim and Scope 
The WHO rated carbapenem-resistant PA in priority class 1: critical for research and development of 
new antibiotics. Since common treatments are associated with several drawbacks when it comes to 
side-effects or even ineffectiveness, the need for novel strategies for treating bacterial infections is 
incontrovertible. An attractive approach to selectively tackle pathogenic bacteria and leave the human 
microbiome unharmed, is the so-called “Pathoblocker” approach. Not only is this strategy promising 
for safety reasons but rather also aims at lower selection pressure among the bacteria. This could 
ultimately lead to lower rates of resistance. Targeting bacterial virulence factors and “disarming” the 
pathogen could help the immune system to eradicate the infection on its own or with the help of a 
co-administered antibiotic.  
In the department of drug design and optimization such pathoblockers inhibiting the PQS system have 
been synthesized and evaluated.82,83 First experiments in G. melonella and C. elegans showed 
promising results, enhancing survival rates upon treatment with a QSI.84 Moreover, it was 
demonstrated that dual QSIs were not only able to reduce important virulence factors such as 
pyocyanin and pyoverdine but also reducing biofilm formation and with that, restoring antibiotic 
efficacy.85  
Lately, a fragment-based screening lead to the identification and optimization of an early hit which 
resulted in a new class of potent PqsR inverse agonists, capable of reducing pyocyanin in vitro.86 The 
discovery of this novel motif marks the beginning of a medicinal chemistry campaign aiming at the 
exploration of chemical space, multi-parameter optimization and ultimately lead generation. The 
objectives of this thesis were embedded within this project and are as follows: 
1. Establishment of a reliable and divergent synthesis in order to explore the chemical space 
around optimized hit compounds. 
2. Synthesis and SAR investigations of novel QSI and generation of lead compounds. 
3. Multiparamter optimization of lead compounds with respect to activity and pharmacokinetic 
properties. 
 




3. Results and Discussion 
3.1. Lead Generation 1 
3.1.1. Design and synthesis of PqsR inverse agonists 
The Hartmann group recently reported a potent PqsR inverse agonist 1A, equipped with an 
aminopyridine in the head part of the molecule (Figure 3.1.1).86 Moreover, it is equipped with a propyl 
linker attached to an aromatic moiety. In another series of compounds, the aminopyridine moiety 
proved to play a crucial role in activity on the target compared to pyocyanin inhibition. In terms of 
on-target activity compound 1C was more active than the corresponding analogue 1B. However, when 
it comes to the ability of reducing pyocyanin production, compound 1B benefitted from the 
amino-function (Figure 3.1.1). Therefore, it was of great interest to further investigate the influence of 
this motif. Additionally, the possibility of identifying a possible growth vector was given in this class 
but has not been explored yet. Due to the synthetically non-trivial substitution pattern, the first aim 
was to investigate the role of the amino function present in the pyridine headgroup.  
 
Figure 3.1.1: 1A as starting point, comparison of 1B and 1C with respect to the amino function in the head. 
Structural modifications in the linker chain are also of high interest as well as the investigation of the 
tail region. With 1A as the starting point for optimization, the analogous compound 1.1, lacking the 
amino function in the head should be synthesized (Scheme 3.1.1). First attempts to generate 1.1 using 
the initial route by Zender et al., in which SNAr and Buchwald-Hartwig-type chemistry was used, did 
not yield the desired compound (Scheme 3.1.1, route A). Moreover, this approach was not promising 
regarding modification in the tail phenyl moiety, since different starting materials for tail modification 
were not commercially available and needed to be synthesized from scratch over several steps. Since 
time played a crucial role in this project, the chemical accessibility and feasibility had to be considered 
for compound selection and synthesis planning. 




Scheme 3.1.1: Retrosynthetic analysis of 1.1. 
 
In order to accelerate exploration of chemical space, a different disconnection strategy was chosen 
(Scheme 3.1.1, route B). This required synthesis of the allyl carbamate precursor 1.9 (Scheme 3.1.2). A 
route starting from commercially available aminopyridine 1.6 did not succeed. Under various 
conditions only small amounts of the desired mono-allylated product were obtained, whereas the 
main product was the double allylated species. The initial strategy to equip aminopyridine 1.7 with a 
single Boc-protecting group only led to mixtures of mono- and di-protected compounds 1.7 and 1.8 
when DMAP was used as a catalyst. Without the catalyst, no reaction occurred at all. This was 
overcome by using a two-step sequence. Starting material 1.6 was di-Boc-protected with DIPEA, DMAP 
and Boc2O in DCM followed by selective mono-deprotection in a mixture of DCM/TFA (1:9).87 Allylation 
of the carbamate with NaH (60 wt%) in DMF and allyl bromide led to the desired intermediate 1.9 in 
an excellent yield of 96% (Figure 3.1.2). Attempts to directly introduce the allylamine in 1.2 via SNAr or 
Buchwald-type chemistry did not yield the desired product. 
Scheme 3.1.2: Synthesis of the 1A analogue 1.14 via a protection-deprotection-allylation sequence, followed by Heck coupling, 
deprotection and hydrogenation.a 
 
aReagents and conditions: a: DIPEA, DMAP, Boc2O, DCM, 18 h, rt; b: DCM/TFA 9:1, 16 h, rt, > 98% (2 steps); c: NaH (60 wt%), 
DMF, 0 °C, 1 h, then allyl bromide, 3 h, rt, 96%; d: 9-BBN, THF, rt, 30 min; e: 1 M NaOH,  PdCl2(dppf), 1-chloro-4-iodobenzene, 
THF, 18 h, 70 °C, 69% (from 1.9), 67%(from 1.4); f: DCM/TFA 1:1, 24 h, rt, > 98%; g: Pd black, H2, MeOH, 2 h, rt, > 98%; h: Pd 
black, H2, MeOH, 10 min, 0 °C, > 98%. 




For the introduction of the tail moiety, a Suzuki-Miyaura reaction was chosen.88 Compound 1.4 would 
provide a versatile building block for combinatorial chemistry were different aryl iodides or bromides 
could be used. Hydroboration was carried out with 9-BBN in THF and TLC and LC-MS analysis indicated 
full consumption of the starting material (Scheme 3.1.2). The compound was not isolated but directly 
used in the next step. Since 1-chloro-4-iodobenzene was available, and the chlorine substituent was a 
desired derivative, this aryl iodide was chosen for the model study. However, when subjected to the 
coupling conditions with 1 M NaOH and PdCl2(dppf), only compound 1.11 was obtained. This can be 
rationalized by simple β-hydride elimination from intermediate 1.15, which is formed after 
transmetalation in the catalytic cycle, leading to allylic precursor 1.9. The allyl carbamate can then 
react in a Heck reaction with the aryliodide (Scheme 3.1.3). It is known, that β-hydride elimination in 
sp3–sp2 couplings are often faster than the desired reductive elimination.88 In order to prove the 
hypothesis that the Heck reaction actually takes place, precursor 1.9 was subjected to the exact same 
coupling conditions and indeed yielded 1.11.  
Scheme 3.1.3: β-hydride elimination in intermediate 1.14 leads to formation of Heck coupling product 1.10.a 
 
aReagents and conditions: a: 1-chloro-4-iodobenzene, 1 M NaOH,  PdCl2(dppf), THF, 18 h, 70 °C, 67%. 
The Boc-protecting group in 1.11 was removed first with DCM/TFA (1:1), since 1.12 represents an 
interesting analogue of 1A bearing a more rigid linker. Hydrogenation of the double bond with Pd black 
in MeOH under an H2 atmosphere at room temperature also led to dehalogenation, resulting in 
compound 1.13 (Scheme 3.1.2.). The desired product 1.14 was obtained in excellent yield when the 
reaction was carried out at 0 °C. The established protocol was further used to synthesize compounds 
1.18, a pyridine analogue of 1.12, and 1.19, in order to explore a possible growth vector (Scheme 3.1.4). 
Applying the aforementioned reaction conditions from Scheme 3.1.2, compounds 1.16 and 1.17 were 
only isolated in small quantities. Optimization of the reaction conditions slightly improved the yields 
and generated sufficient amounts for biological evaluation. Phenoxy-substituted 1.16 was generated 
by using a tetrafluoro borate diazonium salt with NaOAc and Pd2dba3 in PhCN.89 The corresponding 
chloro-pyridyl derivative 1.17 was synthesized by using the corresponding aryl iodide, 1 M NaOH and 
PdCl2(dppf) in THF.88 Subsequent Boc-cleavage with DCM/TFA (1:1) gave 1.18 and 1.19 in excellent 
yields. 




Scheme 3.1.4: Synthesis of derivatives 1.18 and 1.19. 
 
aReagents and conditions: a: 4-phenoxybenzenediazonium tetrafluoro borate, NaOAc, Pd2dba3, PhCN, 2 h, rt, 35% (1.15); b: 
2-chloro-5-iodopyridine, PdCl2(dppf) 1 M NaOH, 24 h, 70 °C, 26% (1.16); c: DCM/TFA 1:1, 24 h, rt. 
At the same time, a route towards more rigid alkyne derivatives was established. Therefore building 
blocks 1.20a – 1.23a were synthesized by simple alkylation of the corresponding iodophenols 
(Scheme 3.1.5). Starting material 1.8 was subjected to propargylation using NaH (60 wt%) and 
propargyl bromide (Scheme 3.1.6). It proved to be crucial for the reaction process to add the latter at 
room temperature. Addition of the electrophile at lower temperatures led to mixtures of the desired 
product and the corresponding allene (not shown). Attempts to propargylate free aminopyridine 1.6 
only delivered mixtures of mono- and di-propargylated products, in favor of latter. Also Buchwald-type 
chemistry and SNAr-type reactions failed.  
Scheme 3.1.5: Building block synthesis via phenol alkylation.a 
 
aReagents and conditions: K2CO3, MeI/EtI/iPrBr, DMF, 80 °C, 16 h. 
Even though the free nitrogen in building block 1.25 might interfere with the catalyst in the following 
Sonogashira couplings, Boc-deprotection was carried out first, since compounds with an 
electron-donating substituent in the tail region did undergo water addition to the triple bond under 
various acidic cleavage conditions. Several commercially available and synthesized aryl iodides were 
then applied in the following Sonogashira couplings, leading to compounds 1.26 – 1.46 (Scheme 3.1.6). 




Scheme 3.1.6: Synthesis of building block 1.25 and subsequent Sonogashira couplings yielding 1.26–1.46.a 
 
aReagents and conditions: a: NaH (60 wt%), DMF, 0 °C, 1 h, then propargyl bromide, 3 h, rt, 96%; b: DCM/TFA 1:1, 6 h, rt, 
> 98%; c: aryliodide, Pd(PPh3)4, CuI, DIPEA, 18 h, 80 °C. 
Selected derivatives were subsequently hydrogenated and yielded the corresponding fully saturated 
analogues 1.47 – 1.49, including 1.1, the desired 1A analogue (Scheme 3.1.7).  
Scheme 3.1.7: Synthesis of saturated linker analogues 1.1, 1.47 – 1.49 via hydrogenation. 
 
aReagents and conditions: a: Pd/C, H2, MeOH, 18 h, rt. 
Additionally, compound 1.32 was subjected to a (Z)-selective hydrogenation with Pd/C In EtOH under 
an atmosphere of H2 for 10 minutes to afford 1.50 (Scheme 3.1.8). 
Scheme 3.1.8: Synthesis of (Z)-alkene 1.50. 
 
aReagents and conditions: Pd/C, H2, EtOH, 10 min, rt, > 98%. 




3.1.2. Biological Evaluation 
3.1.2.1. E. coli-based reporter gene assay 
The synthesized compounds were then evaluated in a heterologous reporter gene assay in 
Escherichia coli to investigate their on-target activity.86 With this assay, the pharmacological profile of 
the tested compounds could also be evaluated. They could either act as agonists, antagonists, inverse 
agonists or partial agonists (Figure 3.1.2).90 All reporter gene assay results were conducted by Simone 
Amann, Dennis Jener, Tabea Schramm or Selina Wolter. 
 
Figure 3.1.2: Schematic representation of pharmacological profiles: agonist (organge), partial agonist (red), antagonist 
(black), inverse agonist (blue) and inverse agonist in presence of agonist (green). 
The innate receptor PqsR has a basal activity and typical antagonists are not able to suppress PqsR 
activity beyond this point, ultimately resulting in low impact in down-stream regulated processes like 
pyocyanin production for example.90 It is important not only to antagonize PqsR, but also to revert its 
activity below the basal level. In this scenario, which is achieved by inverse agonists, an effective 
interruption of down-stream processes like the aforementioned pyocyanin production is achieved. 
This assay therefore serves as a tool for the preselection of potent compounds, which are then tested 
in a pyocyanin inhibition assay. First, spot-tests at a concentration of 1 µM were conducted and for 
those compounds showing promising activity, IC50 values were determined. The results for compounds 
1.26 – 1.46 are summarized in Table 3.1.1, the activities of compounds 1.1, 1.12, 1.13, 1.17, 1.18, 1.19, 


































Table 3.1.1: Biological evaluation of compounds 1.26–1.46 based on E. coli reporter gene assay. 
 
entry cpd R IC50 [nM] entry cpd R IC50 [nM] 
1 1.26 
 


















































































Table 3.1.2: Biological evaluation of compounds 1.1, 1.12, 1.13, 1.17–1.19, 1.47–1.50 based on E. coli reporter gene assay 
































3.1.2.2. Pyocyanin inhibition assay 
As mentioned before, in addition to the E. coli-based reporter gene assay, the compounds with the 
most promising on-target activity were further evaluated on their ability to inhibit pyocyanin 
production in P. aeruginosa PA14. It is worth mentioning that a decrease in activity in this antivirulence 
assay is expected, since the E. coli DH5α strain employed in the reporter gene assay is known to possess 
a more permeable cell wall than P. aeruginosa.86 The fully functional barrier of the Gram-negative cell 
wall present in PA14 reduces intracellular accumulation of the tested compounds. All pyocyanin 
inhibition assay results were generated by Simone Amann and Tabea Schramm. The results are 
summarized in Table 3.1.3. 




Table 3.1.3: Biological evaluation of selected compounds for their ability to inhibit pyocyanin production. 
 
entry cpd. R IC50 [µM] entry cpd. R IC50 [µM] 
1 1.26 
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3.1.3. Structure-Activity-Relationship 
3.1.3.1. SAR based on reporter gene assay 
Rigidifying the linker moiety from alkyl to alkyne was accepted. This result can be rationally explained 
by entropy considerations. Having less degrees of rotational freedom lower the entropy penalty. When 
comparing 1.26 to 1A, the activity remains the same, even though 1.26 is lacking the amino function 
in the head. Exchanging the fluorine substituent with a chlorine atom led to a drop in activity, while 
increasing size with a bromine atom in this position abolished activity. Moving the fluorine atom from 
4- to 3-position was accepted but slightly decreased the activity. Di-halogenated moieties as in 1.30 
and 1.31 were not accepted, as well as exchange of chlorophenyl to chloropyridyl residues (compounds 
1.32 and 1.33). When installing a free hydroxyl group in 4-position, activity was again drastically 
decreased, whereas the methoxy analogue 1.35 showed improved activity compared to 1.34. Moving 




the methoxy substituent to the 3-position in this case was not tolerated and led to a drop in activity. 
Increasing the size of the 4-alkoxy substituent drastically boosted activity as can be seen in compound 
1.37. Compound 1.39 with its large phenoxy tail even showed an IC50 value in the low double digit 
nanomolar range (IC50 = 20 nM). This indicates that a substituent creating an angle in the 4-position is 
more effective than a simple bulky substituent. When it comes to di-substitution with 4-alkoxy 
moieties, introduction of an additional substituent in 3-position proved to be beneficial in some cases. 
For the 4-methoxy derivatives, an electron-donating methyl substituent gave the best results 
(compound 1.40), while adding a chlorine (compound 1.44) decreased activity in comparison to its 
parent compound 1.35. Contrary to this, the second halogen substituent in 1.44 – 1.46 increased the 
activity with compound 1.45 being a very strong inverse agonist (IC50 = 80 nM). 
Satisfyingly, the initial structural modification, omitting the amino group in the head, was accepted 
even though activity of compound 1.1 was decreased in comparison with 1A. Compound 1.14 already 
indicates a difference in the alkyne and alkyl scaffold since installation of the larger chlorine atom in 
4-position was not beneficial in derivatives with an alkyne linkage. In the case of 1.14, activity was 
increased compared to 1.13. Direct comparison of 1.14 and 1.27 with the corresponding (E)-alkene 
1.12 shows that the alkene linker is least active. This also holds true for the phenoxy and chloropyridyl 
analogues 1.18 and 1.19, being less potent than their alkyne and alkyl congeners 1.28, 1.32 and 1.39 
respectively. The (Z)-alkene derivative 1.50 was not active at all. In the alkane-linker series of 
compounds, the 4-phenoxy substituent also proved to be most efficient (compound 1.49) as already 
mentioned for the alkyne class. 
3.1.3.2. SAR based on pyocyanin inhibition 
As already discussed in chapter 2.2.2., a decrease in activity was expected when moving from 
heterologous E. coli to P. aeruginosa. The 1A analogue without the amino function in the head 
(compound 1.1) was comparably active, while the corresponding alkyne analogue 1.26 was almost two 
times more active (IC50 = 3.47 µM). Compound 1.14 which was equipotent with 1.26 considering on-
target activity, is an almost 3-fold better inhibitor of pyocyanin production. This hints at possible 
permeation issues. Moreover, efflux can play a crucial role in P. aeruginosa.  Even more drastically, this 
effect is present in the alkoxy-linked derivatives. While 1.37 is slightly less active in the reporter gene 
assay than 1.26, its IC50 value for pyocyanin inhibition is in the sub-micromolar range (IC50 = 0.46 µM). 
Moreover, compound 1.45 which is two-times more active on the target compared to 1.37 shows a 
similar pyocyanin inhibitory effect. The 4-phenoxy substituted compound 1.35 which was the most 
active inverse agonist, is also almost as potent as 1.37. Pyocyanin production was best inhibited by 




compound 1.43 (IC50 = 0.28 µM), the 3-fluoro derivative of 1.37. The alkene derivatives 1.12 and 1.18 
were less potent than their alkyne/alkane-linked analogues. 
3.1.4. Cocrystal structure of 1.26 in complex with PqsR 
Dr. Andrea Scrima from the working group of Prof. Dr. Wulf Blankenfeldt at HZI was able to solve the 
crystal structure of 1.26 in complex with PqsR91-319 at a resolution of 2.3 Å. As can be seen from Figure 
3.1.3, the proton attached to the secondary nitrogen interacts with Thr265 via a hydrogen bond (NH 
as donor) and therefore plays a crucial role. Putative interactions involve Ile263 and Tyr258. A possible 
π-π interaction with the latter might explain the increased activity of 1.39. By now, no cocrystallate 
was obtained to confirm this but there is evidence from other QSI classes. 
 
Figure 3.1.3: Cocrystal structure of compound 1.26 in complex with PqsR91-319 at a resolution of 2.3 Å. Main interaction 
residues are labeled. Color code: blue: C, dark blue: N, green: F, red: O. 
3.1.5. DMPK profiling 
The most promising compounds based on activity, as well as some tool compounds were further 
evaluated in order gain insights into their DMPK profile (Table 3.1.4). First the alkyl and alkyne 
derivatives 1.26 and 1.1 were investigated on possible cytotoxicity using Hep G2 and HEK293 cells. 
Both satisfyingly exhibited LD50 values of above 50 µM for Hep G2 and compound 1.26 also showed no 
toxic effects towards HEK293. The alkyne derivatives might therefore be less toxic than their alkyl 
congeners. For Hep G2, compound 1.39 displayed little toxicity, whereas moderate results with an LD50 
between 10 and 25 µM were determined for HEK293. All of the compounds were tested with respect 




to metabolic stability in human S9 fractions. While alkane linked compound 1.1 (t1/2 = 58 min) is 
superior to its alkyne congener 1.26 (t1/2 = 11 min), metabolic stability is improved in the 4-phenoxy 
derivative 1.39 (t1/2 = 120 min). Changing the phenoxy tail unit to alkyloxy substituents reduces 
metabolic stability dramatically in 1.43 (t1/2 = 1 min) and 1.45 (t1/2 = 1.1 min). This indicates that an 
alkyl tail might be a metabolic hotspot. By now, neither investigations on metabolite identification, nor 
the synthesis of fluorinated or deuterated alkyloxy motifs have been conducted. In terms of solubility, 
isopropyl substituted 1.45 (Skin = 48.9 µM) is far more soluble than 1.39 (Skin = 13.2 µM) with its large 
lipophilic phenyl residue. Even though the alkyne class offers optimization potential, the focus shifted 
to another class described in the next chapter. 
Table 3.1.4: DMPK data of selected compounds including solubility, half-life in human S9 fraction and cytotoxicity. 







n.d. 58 min ~75 µM 25 – 50  µM 
2 1.26 
 
n.d. 11  min >50  µM >50  µM 
3 1.43 
 
n.d. 1  min n.d. n.d. 
4 1.45 
 
48.9 µM 1.1  min n.d. n.d. 
5 1.39 
 
13.2 µM 120  min >>25  µM 10 – 25  µM 
 
3.2. Lead Generation II 
3.2.1. Design and synthesis of triaolze-linked PqsR inverse agonists 
With building block 1.25 in hand, the next obvious linker modification was the conversion of the alkyne 
into a 1,2,3-triazole via copper-catalyzed azide-alkyne cycloaddition (CuAAC). This “click-chemistry” 
enables fast and easy access to compound libraries.73 Triazoles are known to be amide mimics, 
overcoming the inherent disadvantage of enzymatic hydrolysis which would result in potentially 




undesired aniline metabolites.91–97 A corresponding amide-linked analogue 3A has been synthesized 
within the project before and showed promising on-target activity (Figure 3.2.1).86 The impact of the 
amine group in the head of this compound class should also be evaluated, as well as the possibilities 
of growing in the tail region. 
 
Figure 3.2.1: Optimization strategies of 3A via simplification, bioisosteric replacement and growing. 
In collaboration with PharmBioTec, a compound library was designed and specific derivatives were 
synthesized using an one-pot protocol. This made use of imidazole-1-sulfonyl azide hydrochloride to 
create the azide in situ, which then reacts with the alkyne and forms the desired five-membered 
desired heterocycle.98 The drawback of this protocol were bad yields, as well as a limited scaffold for 
some anilines. Therefore, promising derivatives were resynthesized using a modified two-step protocol 
without isolation of the azide intermediate, described by Barral et al. (Scheme 3.2.1).99 Moreover, 
other commercially available anilines have been used resulting in a total of 15 triazole-linked 
analogues. 
Scheme 3.2.1: Synthesis of 1,2,3- triazole compounds 3.14 – 3.27.a 
 
aReagents and conditions: a: tBuONO, TMSN3, MeCN, 0 °C, 1 – 3 h; b: CuSO4∙5 H2O, Na ascorbate, DIPEA, N-(prop-2-yn-1-yl)-
2-(trifluoromethyl)pyridin-4-amine (1.25), 1 – 24 h, 32 – 96%. 
Anilines 3.1a – 3.15a were converted into the corresponding azides 3.1b – 3.15b using the 
aforementioned protocol with tBuONO and TMSN3 in MeCN. Subsequent addition of 1.25, 
CuSO4∙5 H2O, Na-ascorbate and DIPEA led to formation of the desired target compounds 3.16 – 3.30 




in moderate to good yields (Scheme 3.2.1). Moreover, commercially available disubstituted anilines 
3.31a – 3.34a based on promising compounds of the alkyl class were used (Scheme 3.2.2). It is worth 
mentioning that yields in the CuAAC were improved when the crude reaction mixture was stirred with 
saturated EDTA solution prior to extraction.  
Scheme 3.2.2: Synthesis 1,2,3- triazole compounds 3.35 – 3.38.a 
 
aReagents and conditions: a: tBuONO, TMSN3, MeCN, 0 °C, 1 – 3 h; b: CuSO4∙5 H2O, Na ascorbate, DIPEA, N-(prop-2-yn-1-yl)-
2-(trifluoromethyl)pyridin-4-amine (1.25), 1 – 24 h, 60-73%. 
In order to further investigate growth possibilities in the tail region, different compounds bearing an 
alkoxy moiety were synthesized (Scheme 3.2.3).  
Scheme 3.2.3: Synthesis of aniline precursors 3.40b – 3.45b and subsequent CuAAC towards target compounds 3.46 – 3.51.a 
 
aReagents and conditions: a: ROH, Cs2CO3, 16 h, 80 °C (for 3.40a – 3.42a and 3.45a) or ROH, NaH (60 wt%), DMF, 16 h, 80 °C, 
43 – 98%; b: Pt/C, H2, toluene, 8 h, 86 – 98%; c: tBuONO, TMSN3, MeCN, 0 °C, 1 – 3 h; d: CuSO4∙5 H2O, Na ascorbate, DIPEA, 
N-(prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine (1.25), 1 – 24 h, 12 – 98%.  
The corresponding azides were prepared from commercially available 1,2-dichloro-4-nitroaniline 3.39 
via SNAr reaction with various alcohols, followed by hydrogenation. It is worth mentioning, that for 
derivatives 3.43a and 3.44a, NaH (60 wt%) in DMF was used as a base in order to achieve the SNAr 
reaction with 3.39. 




3.2.2. Biological evaluation 
The synthesized compounds were first tested for their on-target activity and further evaluated for 
pyocyanin production inhibition. The results are summarized in Table 3.2.1 for the mono-substituted 
derivatives and in Table 3.2.2 for the di-substituted ones. Fortunately, replacement of the amide in 3A 
was accepted and for its triazole analogue 3.18 (IC50 = 196 nM) activity even improved almost 
three-fold in comparison to the parent compound. As expected, the 2-position is not suitable for the 
introduction of a substituent, whereas substituents in 3-position are accepted (compounds 3.17 and 
3.20). Moreover, increasing the size of the substituent from fluorine to chlorine gave a boost in 
on-target activity. The introduction of a bulky bromine in 4-position surprisingly led to active 
compound 3.22 (IC50 = 97 nM). These results are in contrast to the activities of the alkyne derivatives 
and resembles the observations made for the alkane compounds. This could be explained by the higher 
flexibility of the alkane analogues, which are more likely to adopt an active conformation similar to the 
1,2,3-triazoles compounds, while the alkyne compounds might not be able to achieve this due to their 
rigidity. Notably, the linker-length and the geometry is different in the alkyne class. Introduction of a 
free hydroxyl group also did not lead to a potent compound in this class, while adding a methoxy 
substituent in 3.24 led to good activity (IC50 = 81 nM). With the possibility of metabolic instability in 
mind, trifluoromethoxy analogue 3.26 was synthesized and led to a drastic increase in activity 
(IC50 = 30 nM). The boost in on-target activity might have several reasons. First, steric reasons and 
lipophilicity, second, conformation and third stereoelectronic reasons. Compound 3.26 with a 
clogD (7.4) = 3.88, is much more lipophilic than its congener 3.24 (clogD (7.4) = 2.52). On the one hand, 
the trifluoromethoxy group is forced out of the ring plane of the phenyl moiety due to its size, being 
sterically more demanding. On the other hand stereoelectronic effects of this electron-withdrawing 
substituent might also be quite important.100 Omitting the oxygen atom and directly attaching the 
trifluoromethyl group to the phenyl ring in compound 3.27 was accepted but led to a drop in activity 
(IC50 = 129 nM). Introduction of an electron-withdrawing nitrile substituent in the 4-position (3.28) 
further decreased the on-target activity. The most beneficial modification was the introduction of the 
4-phenoxy moiety in compound 3.29. This substituent already gave a boost in the alkyl-linked 
compounds and proved to be the most active compound in the triazole class with a low double-digit 
nanomolar IC50 (11 nM). The nitrogen linked congener 3.30 also exhibited high on-target activity but 
was slightly less active (IC50 = 31 nM).  
 




Table 3.2.1: Biological evaluation of mono-substituted compounds 3.16 – 3.30 in E. coli and P. aeruginosa. 
  
entry cpd R IC50 PqsR IC50 Pyocyanin 
1 3.16 
 
23% effect@10µM >10 µM 
2 3.17 
 
-16% effect@10µM ~5 µM 
3 3.18 
 
196 nM ~5 µM 
4 3.19 
 
42% effect@10µM n.d. 
5 3.20 
 
123 nM 2.5-5 µM 
6 3.21 
 
79 nM 8120 nM 
7 3.22 
 
97 nM n.d. 
8 3.23 
 
5% effect@10µM n.d. 
9 3.24 
 
81 nM 2.5 µM 
10 3.25 
 
31 nM 447 nM 
11 3.26 
 
30 nM 1179 nM 
12 3.27 
 
129 nM 2.5-5 µM 
13 3.28 
 
655 nM >10 µM 
14 3.29 
 
11 nM 199 nM 
15 3.30 
 
31 nM 1058 nM 
 




Table 3.2.2: Biological evaluation of di-substituted compounds 3.35 – 3.51 in E. coli and P. aeruginosa. 
  
entry cpd R IC50 PqsR IC50 Pyocyanin 
1 3.35 
 
24 nM 354 nM 
2 3.36 
 
33 nM 2737 nM 
3 3.37 
 
8 nM 350 nM 
4 3.38 
 
15 nM 438 nM 
5 3.46 
 
10 nM 237 nM 
6 3.47 
 
10 nM 409 nM 
7 3.48 
 
3 nM 220 nM 
8 3.49 
 
25 nM 2031 nM 
9 3.50 
 
4 nM 316 nM 
10 3.51 
 
12 nM 181 nM 
 
Again, contrary to the results obtained from the alkyne class, di-chloro-substituted 3.35 was well 
accepted exhibiting high on-target potency (IC50 = 24 nM). When considering the halogen substituent 
in position 3, chlorine is superior to fluorine as can be seen when comparing 3.36 with 3.37. Possible 
reasons for this might be the increased size of the substituent and also its increased lipophilicity. Also, 
the trifluoromethoxy motif in 3.38 is well accepted with a chlorine substituent, even though activity is 
slightly decreased. Introduction of a more bulky isopropoxy group in 3.46 had no impact on PqsR 
activity, as well as the rigid cyclopropyl-bearing 3.47. A more distinct impact was seen in compounds 
3.48 and 3.50, both equipped with larger alkoxy substituents. They showed activity in the low 




single-digit nanomolar range (IC50 = 3 nM for 3.48 and IC50 = 4 nM for 3.50). Upon introduction of an 
additional oxygen in the cyclobutyl ring, the activity of 3.49 is drastically decreased in comparison to 
its parent compound 3.48 (IC50 = 25 nM compared to IC50 = 3 nM). Combining the chlorine substituent 
with the phenoxy motif had no impact on the activity (compounds 3.29 and 3.51). 
For the pyocyanin inhibition assay, in general lower activities were observed for the reasons already 
discussed. Compounds 3.17 – 3.21 displayed poor activity in the range of 2.5 – 5 µM. It was surprising 
that compound 3.21, possessing the best on-target activity of this set of compounds (IC50 = 79 nM), 
was less active than most of these derivatives (IC50 = 8.12 µM). While 3.24 exhibited similar activity in 
the E. coli reporter gene assay as compound 3.21, its ability to reduce pyocyanin production was 
significantly higher (IC50 = 2.5 µM). As expected trifluoromethoxy-containing 3.26 showed good 
activity in the low micomolar range (IC50 = 1.18 µM). While the almost equipotent aniline-substituted 
3.30 also displayed a similar effect on pyocyanin inhibition (IC50 = 1.06 µM) as 3.26, its oxygen-linked 
congener 3.29 surprisingly showed an IC50 in the nanomolar range (IC50 = 199 nM). Although di-chloro 
compound 3.35 exhibits PqsR activity comparable to 3.30, its ability to reduce pyocyanin activity is 
dramatically increased (IC50 = 354 nM). This, again, might be explained by the more difficult to 
penetrate bacterial cell-wall of P. aeruginosa and the efflux problem. More drastically, this is present 
when comparing fluoro- and chloro-methoxy derivatives 3.36 and 3.37. While both possess good to 
excellent on-target activity, only 3.37 is highly potent in pyocyanin production inhibition 
(IC50 = 350 nM). The observed inter-assay variations are again reflected when comparing different 
alkoxy motifs in 3.47 – 3.50. While cyclopropoxy compound 3.47 is equipotent to its isopropoxy 
analogue 3.46, it is two-times less active as a pyocyanin production inhibitor (IC50 = 409 nM compared 
to IC50 = 237 nM). While 3.48 bearing a cyclobutyl moiety was the most active compound on the target, 
its pyocyanin activity is in the range of 3.29 and 3.46 (IC50 = 220 nM). The drop in activity for the 
corresponding oxetane derivative 3.49 is also resembled in P. aeruginosa (IC50 = 2.03 µM). The impact 
of the chlorine substituent in 3.51 did not affect potency when compared to its parent compound 3.29, 
which is in contrast to 3.24 and 3.37. Also, this observed non-linear SAR holds true for compounds 3.46 
(compared to 3.25) and 3.38 (compared to 3.26). Non-linearity means, that combining beneficial 
motifs, e.g. the 3-chloro substituent (compound 3.37) with another favorable moiety, e.g. the 4-
phenoxy motif (compound 3.29) does not result in additive effects, such as increased activity. This 
leads to the assumption that the substituent in 3-position is more relevant for alkoxy derivatives. 
3.2.3. In vitro DMPK profiling 
In order to select one or more possible lead compounds for in vivo studies, the most promising 
compounds were further evaluated. Parameters such as solubility, metabolic stability and cytotoxicity 




were taken into consideration, as well as CYP interactions, hERG inhibition, AhR activation and other 
possible off-targets. The results for solubility, metabolic stability in mouse liver microsomes and 
cytotoxicity are given in Table 3.2.3. As already expected, compounds 3.29 and 3.51 bearing the 
4-phenoxy showed solubility below 10 µM. The short chloro-methoxy analogue 3.37 showed the best 
solubility with 64 µM. Increasing lipophilicity with the change from methyl to trifluoromethyl, 3.36 
proved to be less soluble. With the bigger alkoxy motifs, solubility was decreased in comparison to 
3.37, still being more soluble than the phenoxy derivatives.  
Table 3.2.3: DMPK data for selected compounds with respect to solubility, metabolic stability and cytotoxycity. 











7.7 10 ~25 µM ~25 µM 
2 3.37 
 
64.1 3 >75 µM >50 µM 
3 3.36 
 
31.3 55 >25 µM ~25 µM 
4 3.46 
 
26.9 2 n.d. n.d. 
5 3.47 
 
14.5 27 n.d. n.d. 
6 3.48 
 
28 2 n.d. n.d. 
7 3.49 
 
40.9 26 n.d. n.d. 
8 3.51 
 
6.7 19 n.d. n.d. 
 
Exceptions are tetrahydrofuranyl derivative 3.49 with its additional oxygen atom, exhibiting good 
solubility of 40.9 µM and the cyclopropoxy compound 3.47 which is almost two-times less soluble than 




its isopropoxy congener (Skin = 14.5 µM). Regarding metabolic stability, those compounds with an 
alkoxy substituent in the tail region proved to be susceptible to degradation. This was already expected 
from the data for corresponding alkyne derivatives. Compound 3.47 with its cyclopropoxy motif was 
more stable (t1/2 = 27 min), as well as the tetrahydrofuryloxy analogue 3.49. For 3.47 this can be 
explained by the stronger C–H bonds compared to alkyl substituents.101 Three compounds were then 
evaluated regarding possible cytotoxicity. The phenoxy-substituted 3.29 was chosen because of its 
high potency, 3.37 being the most soluble compound while exhibiting good activity and compound 
3.36 due to its high stability and moderate solubility. Although 3.29 and 3.36 showed LD50 values of 
about 25 µM, 3.37 proved to be less toxic with LD50 values above 75 and 50 µM. Based on these results, 
compounds 3.29 and 3.37 were taken into further biological evaluation. 
3.2.4. Secondary biological evaluation  
The most advanced compounds 3.29 and 3.37 were further evaluated regarding their in vitro efficacy. 
Their potential to inhibit alkylquinolone (AQ) production of the signal molecules PQS and HHQ was 
determined, as well as the ability to inhibit eDNA production in biofilms. The results are depicted in 
Figure 3.2.2 and were generated by Simone Amann. 
  
Figure 3.2.2: AQ inhibition, eDNA inhibition and structure of 3.29 and 3.37. 
Compound 3.29, which already exhibited a higher efficacy in pyocyanin production inhibition, also 
proved to be superior to 3.37 in terms of AQ inhibition and eDNA inhibition. It is worth mentioning, 
that in this case a correlation between planktonic P. aeruginosa assays and these results are observed. 
3.2.5. Safety pharmacology 
Compounds 3.29 and 3.37 were further investigated with regard to safety pharmacology. Effects such 
as cytotoxicity, hERG inhibition, AhR activation and CYP inhibition were taken into consideration. The 
results for cytotoxicity were generated by Jeannine Jung, hERG inhibition, plasma protein binding (PPB) 
and AhR receptor induction and CYP inhibition assays were performed by Cyprotex. The latter are 
summarized in Table 3.2.5, the former in Table 3.2.4. When it comes to cytotoxicity compound 3.37 is 
superior to 3.29 (LD50 > 75 µM for HepG2 cells and LD50 > 50 µM for HEK293 cells), whereas 3.29 
displays an LD50 of about 25 µM for both cell lines. Nevertheless, this is still in an acceptable range. 
Both compounds proved to be safe concerning hERG inhibition with an IC50 of above 25 µM. Plasma 




protein binding for both compounds is above 99%. In terms of AhR receptor induction, 3.29 proved to 
be inferior to 3.37, although still in acceptable range. 
Table 3.2.4: LD50 for HepG2 and HEK293, hERG inhibition, PPB and AhR receptor induction for compounds 3.29 and 3.37. 




fold AhR receptor 
induction 
3.29 ~25 µM ~25 µM >25 µM >99% 17.6 
3.37 >75 µM >50 µM >25 µM >99% 25.9 
 
In terms of CYP inhibition, 3.37 proved to be a stronger inhibitor of CYP2C19, an enzyme which is 
important for drug metabolism. Compound 3.29 inhibits CYP3A4 and CYP2C9 at a lower IC50 than 3.37, 
nevertheless, still in an acceptable range. 
Table 3.2.5: Inhibition of CYP3A4, CYP2D6, CYP1A, CYP2C9 and CYP2C19 for compounds 3.29 and 3.37. 
cpd CYP3A4 CYP2D6 CYP1A CYP2C9 CYP2C19 
3.29 15 µM >25 µM >25 µM 16.4 µM 20.3 µM 
3.37 >25 µM >25 µM 22.1 µM >25 µM 3.55 µM 
 
A panel of 44 CEREP off-targets was screened by Eurofins (Table 3.2.6). It is worth mentioning, that the 
reported values are from binding assays. Therefore, no effects on a pharmacological level can be 
determined. They just give a hint on possible off-targets, which need to be evaluated further in 
functional assays. The results for those showing inhibition above 50% at a concentration of 10 µM are 
summarized in Table 3.2.6. The biggest drawback of 3.37 is the inhibition of β2 receptor, which can 
ultimately lead to cardiovascular stress or bronchospasm.102 Both compounds show inhibition of 
several serotonin receptors of the 5-HT2 family. Moreover, compound 3.29 shows pronounced 
inhibition of antidepressant targets dopamine and norepinephrine transporters. Compound 3.37 hits 
the androgen receptor (AR), which is involved in signal transduction of steroid or thyroid hormones, 
thus representing a severe off-target which could lead to inhibited spermatogenesis.103 Both 
compounds inhibit the adrenoceptor α1A, which plays a role in the cardiovascular system. Inhibition 
might lead to undesirable side effects such as orthostatic hypotension or headache due to 
vasodilation.104 The L-type calcium channel dihydropyridine receptor (DHPR) is inhibited by 3.29. 
Blockage of DHPR is the mechanism of action of dihydropyridines such as nitrendipine, which are used 
to treat hypertension. Neurotoxins such as batrachotoxin or veratridine bind to the site 2 sodium 




channel and modulate it in a way, that the channel stays open.105 Moreover, local anesthetics bind 
there, e.g. lidocaine, which blocks the channel and keeps it closed. Nevertheless, binding of 3.29 to 
this channel does not imply safety issues, since all these screening are solely based on binding, yet no 
effect is measured. A pronounced example for binding is the aforementioned hERG channel. Even 
though 3.29 shows inhibition of 76% at a concentration of 10 µM, 3.29 did not show hERG inhibition 
in a functional assay with an IC50 above 25 µM (see Table 3.2.4). Taken all the above mentioned results 
in account, 3.29 proved to be the most promising compound and therefore was taken into deeper 
profiling in in vivo studies. 
Table 3.2.6: Selected possible CEREP off-targets of 3.29 and 3.37. 
entry off-target 
3.29 
(%inhibition @10 µM) 
3.37 
(%inhibition @10 µM) 
1 β2 receptor 18.03 85.30 
2 5-HT2B 55.25 73.79 
3 5-HT2A 65.15 22.02 
4 AR -10.10 57.04 
5 α1A receptor 40.59 55.42 
6 Dopamine transporter 97.25 28.91 
7 Norepinephrine transporter 82.52 8.58 
8 Ca2+ channel (L, dihydropyridine site) 78.29 30.36 
9 Na+ channel (site 2) 54.62 -27.90 
10 hERG channel 75.62 20.45 
 
3.2.6. In vivo PK and target engagement 
Before starting murine in vivo experiments, the maximum tolerated dose of compound 3.29 was 
evaluated in a dose escalation experiment, performed at the contract research organization Aurigon. 
Even at doses up to 60 mg/kg (i.v.) the compound was well-tolerated. This study was accompanied by 
a toxicokinetic analysis performed by Katharina Rox (HZI). A reasonable systemic exposure 30 minutes 
after administration was observed (around 3500 ng/mL plasma for 30 mg/kg dose), while a fast 
clearance was detected already after 4 h. Due to these results, pharmacokinetic parameters could not 
be calculated for this setup. So far, this study however demonstrated, that high doses of 3.29 should 
not lead to safety concerns. 
An important next PK experiment was the evaluation after pulmonary application. To this end, the 
pharmacokinetic parameters after intratracheal instillation were investigated. Compound 3.29 




(0.5 mg/kg) was instilled intratracheally via intubation using a tyloxapol-based service formulation 
(10% EtOH, 1% tyloxapol, 5% glycerol in PBS).106 Then the bronchoalveolar lavage fluid (BALF), 
epithelial lining fluid (ELF), plasma and lung concentrations of the compound were determined. It 
showed good retention in all compartments, especially the BALF. The results are summarized in Table 
3.2.7. 
Table 3.2.7: PK parameter of 3.29 in plasma, lung, BALF and ELF after pulmonary application. 
  plasma lung BALF ELF 
t1/2 [h] 0.86 ± 0.4 1.08 ± 0.5 0.72 ± 0.2 0.55 ± 0.3 
Tmax [h] 0.5 ± 0.0 0.50 ± 0.0 0.50 ± 0.0 1.67 ± 2.0 
Cmax [ng/ml] 62.58 ± 45.7 9856.67 ± 4623.1 3770.00 ± 2662.9 1286.91 ± 298.7  
AUC0-t [ng/ml∙h] 55.75 ± 21.3 7357.00 ± 2369.4 4844.88 ± 2185.2 3095.83 ± 330.2 
MRT [h] 1.20 ± 0.1 1.27 ± 0.4 1.57 ± 0.1 1.61 ± 1.1 
Vz/Fobs [l/kg] 10.46 ± 1.2 - - - 
Cl/Fobs [ml/min/kg] 157.13 ± 55.5  - -   - 
 
For in vivo target engagement studies, which were conducted by Teresa Röhrig (HIPS) and Christian 
Herr (UKS), mice were infected with P. aeruginosa NH57388A, a clinical isolate, with an inoculum of 
5∙107 CFU/lung via the intratracheal (i.t.) route. At this time point also compound 3.29 
(dose = 5 mg/kg) or vehicle (control) were co-administered using a methyl-cellulose-based suspension 
as vehicle (Figure 3.2.4 A). Pathoblocker 3.29 (5 mg/kg) was reapplied along with vehicle (control) 24 
and 48 h post-infection. After 72 h, lungs were harvested, homogenized and extracted. The 
quantification of the signal molecules HHQ, PQS and HQNO were chosen as a readout. The proximal 
biomarkers of the bacterial target were found to be reduced significantly by > 95% (Figure 3.2.4 B). 
Surprisingly, CFU count was reduced two-fold, which was not expected, as the in vitro pharmacology 
of a pathoblocker target did not show bactericidal or bacteriostatic effects. A plausible explanation for 
this finding might be the impact of the host immune system on bacterial clearance, as well as reduced 
activity of other virulence factors towards host immune system evasion, such as biofilm formation. 
Further experiments to investigate this hypothesis are still ongoing. 
 






Figure 3.2.4: A: Layout of the lung infection model for in vivo target engagement studies; B: Absolute levels of PQS-related 
biomarkers HHQ (left), PQS (middle) and HQNO (right) in infected lungs 72 h after infection in the treated and untreated 
groups. 
 
3.2.7. Cocrystal structure of 3.29 in complex with PqsR 
Furthermore, Dr. Stefan Schmelz from the team of Prof. Dr. Wulff Blankenfeldt (HZI) was able to 
cocrystallize compound 3.29 in complex with PqsR91-319 at a resolution of 2.15 Å. Main interactions 
involve a π-H interaction of the triazole ring with Ile263 and bridged crystal water between Ile236 and 
the pyridine nitrogen atom (Figure 3.2.5). In addition, the proton of the amino group acts as a hydrogen 
bond donor to the hydroxyl side chain of Thr265. As already proposed in chapter 3.1.4 a π-H interaction 
between Tyr258 and the phenyl ring of the 4-phenoxy motif is observed. 





Figure 3.1.4: Cocrystal structure of 3.29 in complex with PqsR91-319 at 2.15 Å. Crystal water is displayed as a red ball. Color 
code: blue: C, dark blue: N, green: F, red: O, light grey: H. 
3.3. Lead optimization 
3.3.1. Head modification I 
3.3.1.1. Retrosynthetic analysis 
The successful in vivo target engagement studies encouraged the optimization towards a possible 
preclinical candidate. Synthesis of 4.1, bearing the previously described amino function in the head 
was of great interest. Not only should the introduction of this motif reduce lipophilicity and increase 
solubility, but also contributions to activity are possible. The retrosynthetic analysis is depicted in 
Scheme 3.3.1. Functional group interconversion of 4.1 reveals 4.2, equipped with a chlorine atom for 
possible SNAr or Buchwald-Hartwig reactions. In order to avoid side reactions of the propargyl unit in 
transition-metal catalyzed transformations, the amination was chosen as a late-stage modification. 
Furthermore, compound 4.2 should also be evaluated as a possible inverse agonist. Formation of the 
triazole should easily be realized via already established CuAAC, unraveling building block 4.3. Since 
the corresponding free amino pyridine which could be converted to 4.4 was not commercially available 
when first planning the synthetic route towards 4.1 it also had to be synthesized. The aminopyridine 
building block 4.4 should be obtained from precursor 4.5 after reduction of the nitro functionality and 
the N-oxide. 4.5 should be generated via regioselective nitration of N-oxide 4.6, which could be 
prepared from commercially available starting material 4.7.107,108 




Scheme 3.3.1: Initial retrosynthetic analysis of 4.1. 
 
3.3.1.2. Synthesis of Building Block 4.3 
Since the initially planned synthetic route towards 4.3 did not yield the desired building block, because 
several protocols using mCPBA or UHP trying to convert 4.7 into 4.6 failed, a different approach based 
on a Curtius-type reaction was investigated. Retrosynthetic analysis of the newly planned route is 
described in Scheme 3.3.2. Building block 4.3 should be obtained by propargylation of Boc-protected 
amine 4.8, which could be synthesized from carboxylic acid 4.9 via a Curtius-type reaction. The 
corresponding precursor 4.10 could be synthesized by regioselective iodination of aforementioned 
commercially available 2-chloro-6-(trifluoromethyl)pyridine 4.7. 
Scheme 3.3.2: Second retrosynthetic analysis of building block 4.3. 
 
For the regioselective iodination of 4.7, a protocol based on results by Cottet et al. was used.109 
Deprotonation with LDA in THF was carried out at –100 °C in order to yield the desired kinetic product 
4.11 (Scheme 3.3.3). Increasing the temperature to –80 °C, followed by addition of an iodine solution 
in THF proved to be very difficult, since no cryostat was available. This rendered keeping a constant 
temperature difficult, which should be high enough for successful iodination of the lithiated species, 
but also low enough to prevent the latter from undergoing proton shuffling. Therefore only a 2:1 
mixture of 4.12 and iso-4.12 was obtained, yet in satisfying yield of 70%. Moreover, the regioisomers 
could not be separated via column chromatography. First attempts to directly introduce the carboxylic 
acid from lithiated species 4.11 were not successful and only led to proto-delithiation. Nevertheless, 




the mixture was further used in the next step for carboxylation. The use of LiMg(nBu)3 as a 
transmetalation agent proved to be crucial.109 When iPrMgCl, iPrMgCl∙LiCl or TMPMgCl∙LiCl were used, 
yields were significantly lower. 
Scheme 3.3.3: Synthesis of Boc-protected propargylation precursor 4.15 from 4.7.a 
 
aReagents and conditions: a: LDA, THF, –100 °C, 2.5 h; b: I2, THF, –80 °C, 2 h, 70% (2:1); c: LiMg(nBu)3, THF, 0 °C, then CO2 (g) 
30 min; d: DPPA, NEt3, toluene, 100 °C, 20 h; e: KOtBu, 0 °C, 30 min, 25% (2 steps). 
Gaseous CO2 and dry ice were used as electrophiles in the carboxylation reaction, both with 
comparable yields of the desired intermediate 4.13 and iso-4.13 respectively. Subsequent conversion 
of carboxylic acids 4.13 and iso-4.13 into the corresponding azides (4.14 and iso-4.14), which 
underwent Curtius rearrangement, ultimately gave rise to Boc-protected aminopyridines 4.15 and 
iso-4.15. The desired propargylation precursor 4.15 was then obtained after purification via column 
chromatography. Using the established propargylation, deprotection and CuAAC sequence, amination 
precursor 4.2 was prepared in excellent yield (Scheme 3.3.4).  
Scheme 3.3.4: Completion of the synthesis towards amination precursor 4.2.a 
 
aReagents and conditions: a: NaH (60 wt%), DMF, 0 °C, 1 h, then propargyl bromide, 5 h, rt, 97%; b: DCM/TFA 1:1, 6 h, rt, 
> 98%; c: tBuONO, TMSN3, 4-phenoxyaniline, MeCN, 0 °C, 1 h, then 4.17,  CuSO4∙5 H2O, Na ascorbate, DIPEA, rt, 16 h, 93%. 
 
 




3.3.1.3. Amination studies of 4.2 
The initial strategy to prepare the desired target compound 4.1 was to install the amino function in an 
SNAr reaction. Several conditions were tested and are summarized in Table 3.3.1.  
Table 3.3.1: Conditions for the amination attempts of 4.2 into 4.1.5.0 eq. of nucleophile were used in a 0.1 M solution of 
solvent.  
 
entry nucleophile additives solvent T t 
1 NH4OH - DMSO 100 °C 21 h 
2 NH4OH - 1,4-dioxane 100 °C 21 h 
3 NH4OH - NMP 100 °C 21 h 
4 NH4OH Cu2O, 1,10-phenanthroline DMSO 100 °C 21 h 
5 NH4OH Cu2O, 1,10-phenanthroline 1,4-dioxane 100 °C 21 h 
6 NH4OH Cu2O, 1,10-phenanthroline NMP 100 °C 21 h 
7* NH4OH Cu2O, 1,10-phenanthroline DMSO 100 °C 21 h 
8* NH4OH Cu2O, 1,10-phenanthroline 1,4-dioxane 100 °C 21 h 
9* NH4OH Cu2O, 1,10-phenanthroline NMP 100 °C 21 h 
10 NH3 (7 M in MeOH) Cu2O, 1,10-phenanthroline 1,4-dioxane 100 °C 21 h 
11 NHMDS (1 M in THF) - DMF 80 °C 21 h 
12 HMDS NEt3 DMF 80 °C 21 h 
13 NaN3 - DMF 80 °C 8 h 
* = microwave-assisted 
Since no conversion was observed at all for any of the reaction conditions, the strategy was changed 
towards a transition metal-catalyzed protocol, making use of a Buchwald-Hartwig coupling. The 
conversion of aryl chlorides into primary anilines has been vastly described in literature.63 In order to 
reduce complexity of parameter optimization for the reaction conditions, the initial screening was 
based on NH3 (0.5 M in 1,4-dioxane) as a nucleophile and the NaOtBu (2.0 M in 1,4-dioxane) as base. 
As a palladium source, the “KitAlysis High-Throughput Palladium Precatalyst Cross-Coupling Reaction 
Screening Kit” from Sigma Aldrich was used. The advantage of utilizing such a precatalyst kit is that 
many of the included palladium sources are well-established and studied, therefore offering a 
promising starting point. They are bench-stable, easily activated under mildly basic conditions and lead 




to fewer undesired byproducts, such as the formation of di- or tri-arylated species.110,111 The screening 
reactions were carried out on a 10 µmol scale, using 10 mol% of precatalyst, 2.0 equivalents of 
nucleophile and 2.2 equivalents of base. After stirring in a pre-heated bath at 80 °C for 24 h, the 
reaction mixtures were quenched with HOAc in MeCN and analyzed via LCMS. The results are 
summarized in Table 3.3.2.  
Table 3.3.2: Catalyst screening for transformation of 4.2 into 4.20. 5.0 eq. of NH3 (0.5 M in 1,4-dioxane) were used, 2.2 eq. 
of base and 10 mol% of precatalyst. Molarity was 0.1 M in 1,4-dioxane. Reactions were run at 80 °C for 24 h. 
 
entry precatalyst conversion entry precatalyst conversion 
1 AdBrettPhos Pd G3 0% 13 Me4tBuXPhos Pd G3 0% 
2 APhos Pd G3 0% 14 MorDalPhos Pd G3 0% 
3 rac-BINAP Pd G3 0% 15 P(Cy3) Pd G3 0% 
4 BrettPhos Pd G4 0% 16 P(tBu3) Pd G2 X 
5 cataCXium A Pd G3 0% 17 Pd-PEPPSITM-IPent cat 0% 
6 CPhos X 18 RuPhos Pd G4 0% 
7 CyJohnPhos Pd G3 0% 19 SPhos Pd G4 0%* 
8 DavePhos Pd G3 0% 20 tBuBrettPhos Pd G3 100%** 
9 DPPF Pd G3 0% 21 tBuXPhos Pd G3 100%** 
10 JackiePhos Pd G3 X 22 XantPhos Pd G3 0% 
11 JosiPhos SL-J009-1 Pd G3 X 23 XPhos Pd G4 0% 
12 meCgPPh Pd G3 0% 24 PdCl2(PPh3)4 0% 
X = decomposition, complex mixture; * = only oxidized ligand detected, ** = formation of 4.18 
While most of the precatalysts showed no reaction, some led to decomposition of the starting material 
and complex mixtures (entries 6, 10, 11 and 16). Only entries 20 and 21 showed clear conversion, but 
exclusively to 4.19, an undesired byproduct. Formation of 4.19 could be explained by coupling of the 
tert-butoxide anion and subsequent cleavage of the resulting tert-butyl ether 4.18 upon acidic workup 
(Scheme 3.3.5). 




Scheme 3.3.5: Explanation for the formation of 4.19.a 
 
aReagents and conditions: a:  tBuBrettPhos Pd G3 or tBuXPhos Pd G3, NaOtBu, NH3 (0.5 M in 1,4-dioxane), 1,4-dioxane 80 °C, 
24 h; b: HOAc, MeCN. 
The screening was then repeated under the same conditions, but this time with benzophenone imine 
(BPI), an ammonia surrogate, as the nucleophile. The reagent is known for its utilization in Buchwald-
Hartwig couplings.112–115 One advantage of this substitute is the inability to form per-arylated 
byproducts, since the N-aryl imine serves as a protecting group. Reaction of 4.2 under the 
aforementioned conditions from Table 3.3.2 did not lead to any conversion to the desired target 
compound at all. 
Therefore other conditions with BPI as the nucleophile were evaluated. Moreover, other ammonia 
surrogates, such as benzylamine, tert-butyl amine, HMDS, NHMDS, LHMDS and BocNH2 were applied. 
The results are summarized in Table 3.3.3. The combination of Pd2dba3 with CataCXium A as ligand and 
Cs2CO3 as base in toluene at elevated temperature proved to be successful in synthesizing the 
N-arylated benzophenone imine 4.20 (Figure 3.3.1). When benzylamine was used, these conditions did 
not yield the desired product, only dehalogenated starting material was obtained. 
The attempt of copper-catalyzed coupling with DMEDA only led to addition of the latter. However, the 
combination of [Pd(cinnamyl)Cl]2 and BippyPhos, as well as tBuXPhos Pd G3 as a precatalyst with 
NaOtBu in 1,4-dioxane led to formation of 4.21 in moderate yields.116 The combination of 
[Pd(cinnamyl)Cl]2 and BippyPhos also worked well when tert-butyl amine was utilized as a nucleophile 
(4.22 Figure 3.3.1). Nevertheless, the compound could not be purified via automated flash 
chromatography or preperative HPLC. For HMDS, NHMDS, LHMDS and BocNH2 only Pd2dba3 and 
CataCXium A were tested which did not yield the desired target compounds, rather dehalogenated 
starting material. For CbzNH2, these conditions also only yielded dehalogenated starting material, as 
well as for a protocol applying Pd(OAc)2 with dppf and K3PO4 in 1,4-dioxane.117 
 
 




Table 3.3.3: Conditions for transition metal-catalyzed C–N couplings. 4.0 eq. of nucleophile, 10 mol% of catalyst and ligand 
were used. 4.0 eq. of base were used. Molarity was 0.1 M in the given solvent. Reactions were run for 24 h. 
 
entry nucleophile catalyst ligand base solvent T yield  
1 BPI Pd2dba3 CataCXium A Cs2CO3 toluene 120 °C 68% 
2 BPI [Pd(cinnamyl)Cl]2 BippyPhos NaOtBu 1,4-dioxane 80 °C X 
3 NH2Bn Pd2dba3 CataCXium A Cs2CO3 toluene 80 °C X 
4 NH2Bn [Pd(cinnamyl)Cl]2 BippyPhos NaOtBu 1,4-dioxane 80 °C 35% 
5 NH2Bn tBuXPhos Pd G3 - NaOtBu 1,4-dioxane 80 °C 60% 
6 NH2Bn CuI DMEDA K3PO4 1,4-dioxane 80 °C X 
7 NH2Bn Cu2O 
1,10-
phenanthroline 
DIPEA DMSO 80 °C X 
8 NH2tBu [Pd(cinnamyl)Cl]2 BippyPhos NaOtBu 1,4-dioxane 80 °C 70%* 
9 HMDS Pd2dba3 CataCXium A Cs2CO3 toluene 120 °C X 
10 NHMDS Pd2dba3 CataCXium A - toluene 120 °C X 
11 KHMDS Pd2dba3 CataCXium A - toluene 120 °C X 
12 BocNH2 Pd2dba3 CataCXium A Cs2CO3 toluene 80 °C X 
13 CbzNH2 Pd2dba3 CataCXium A Cs2CO3 toluene 80 °C X 
14 CbzNH2 Pd(OAc)2 dppf K3PO4 1,4-dioxane 80 °C X 
X = no conversion to desired product was detected, * = conversion 





Figure 3.3.1: Structures oft he obtained compounds from Table 3.3.5 (left) and structures of the ligands cataCXium A and 
BippyPhos (right). 
When trying to liberate the free primary amine from 4.20 under acidic conditions, no desired product 
was detectable. Even at elevated temperatures (100 °C) and long reaction times (> 7 d) only 
decomposition took place. Benzyl-protected 4.21 was subjected to several hydrogenation conditions, 
unfortunately also being stable under all conditions tested. Therefore, BocNH2 as an alternative 
ammonia surrogate was chosen again, since it proved to be successful for the Buchwald-Hartwig 
coupling with a substrate from another class of project compounds. The conditions tested are 
summarized below (Table 3.3.4). 
Table 3.3.4: Reaction conditions optimization for Buchwald-Hartwig coupling with BocNH2. Reactions were run for 24 h on a 
scale of 50 µmol with 10 mol% catalyst and ligand, 2.0 eq. of BocNH2 and 2.2 eq. of base, in a 0.1 M solution of solvent. 
 
entry catalyst ligand base solvent T conversion* 
1 [Pd(cinnamyl)Cl]2 BippyPhos NaOtBu 1,4-dioxane 90 °C 0% 
2 tBuXPhos Pd G3 - Cs2CO3 toluene 100 °C 0% 
3 tBuXPhos Pd G3 - NaOtBu toluene 100 °C 0% 
4 tBuXPhos Pd G3 - NaOtBu 1,4-dioxane 90 °C 0% 
5 Pd-175 - Cs2CO3 1,4-dioxane 80 °C 92% 
          * = determined via LCMS 
The established conditions with [Pd(cinnamyl)Cl]2 and BippyPhos, which worked well for NH2tBu and 
NH2Bn, did not result in any conversion in this case. Also, the use of commonly-used precatalyst 
tBuXPhos Pd G3 with adjusted conditions did not show conversion to the desired target compound. 
Applying another precatalyst, Pd-175, which is basically the commercial name for 




[tBuBrettPhosPd(allyl)]OTf from Johnson Matthey, led to almost full conversion with Cs2CO3 as the 
base in 1,4-dioxane. The reaction was then repeated on a larger scale and after automated flash 
chromatography with EtOAc and cyclohexane, the free amine was obtained (Scheme 3.3.6). 
Scheme 3.3.6: Synthesis of 4.1 from 4.2 using optimized reaction conditions.a 
 
aReagents and conditions: BocNH2, Pd-175, Cs2CO3, 1,4-dioxane, 28 h, 90 °C, 39%. 
The catalyst used in this reaction is barely described in literature and was initially synthesized by 
DeAngelis et al. in order to investigate µ-allylpalladium complexes as air-stable and highly-reactive 
precatalysts.118–120 It proved to be superior in challenging C–N cross coupling reactions. 
3.3.1.4. Biological evaluation 
The desired amino derivative 4.1, as well as the chlorine-containing precursor 4.2 and the byproduct 
4.19 were tested directly in the P. aeruginosa pyocyanin inhibition assay. The results are shown in 
Figure 3.3.7. The introduction of chlorine was well-accepted and had no impact on the activity of 4.2, 
whereas the primary amine in this position (compound 4.1) led to a significant drop in activity resulting 
in an IC50 of 322 nM. Activity was completely abolished in 4.19, which might be explained by 
equilibrating to pyridone iso-4.19.  
 
Figure 3.3.7: Derivatives 4.1, 4.2 and 4.19 with its tautomer iso-4.19 with corresponding IC50 values for pyocyanin inhibition. 
By now, no results for the initial on-target activity in the E. coli reporter gene assay are available. 
Nevertheless, these values are not important endpoints and thus play a minor role in this optimization. 




3.3.2. Tail Modification 
In order to further explore the possibilities of the given growth vector present in 3.29 (see chapter 
3.2.2), the 4-phenoxy moiety should be modified. The main goal was not only to improve activity but 
also increase solubility and eventually metabolic stability.  
3.3.2.1. Fluorophenoxy Derivatives 
The introduction of fluorine in pharmacologically relevant molecules is of great importance in 
medicinal chemistry and has been vastly discussed and investigated in the past.100,121–127 Potency and 
selectivity can be increased as well as permeability. Moreover, metabolic stability can be improved 
significantly. In order to investigate the possible benefits of fluorination, the corresponding aniline 
precursors 5.1b and 5.2b should be synthesized (Scheme 3.3.7). The 4-fluorophenoxy derivative was 
omitted, since this substitution pattern was already installed in a comparable class of compounds and 
proved to be inefficient. The effects of 2- and 3-fluorinated phenoxy analogues remained unclear. The 
synthetic procedure, which was already established for alkoxy substituents in chapter 3.2.1 was 
applied. Starting with commercially available 1-chloro-4-nitrobenzene (5.1), SNAr reaction with the 
corresponding fluorophenols resulted in formation of 5.1a and 5.2a, which were then reduced by 
hydrogenation with Pd/C. Subsequent conversion of 5.1b and 5.2b into azides 5.1c and 5.2c, followed 
by CuAAC with alkyne 1.25 delivered the desired target compounds 5.3 and 5.4 in excellent yields 
(Scheme 3.3.7). 
Scheme 3.3.7: Synthesis of fluorinated analogues 5.3 and 5.4.a 
 
aReagents and conditions: a: K2CO3, fluorophenol, DMF, 80 °C, 15 h, > 98%; b: Pd/C, H2, EtOH, rt, 8 h, > 98%; c: tBuONO, 
TMSN3, MeCN, rt, 3.5 h; d: CuSO4∙5 H2O, Na ascorbate, DIPEA, N-(prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine (1.25), 
rt, 13 h, 93–95%. 
The compounds were then evaluated for biological activity, solubility and metabolic stability in mouse 
liver microsomes. The results are summarized in Table 3.3.4, compound 3.29 is included as a reference. 
Installation of a fluorine substituent in 2-position (5.3) gave a significant boost in both on-target activity 
and pyocyanin inhibition. Satisfyingly, also solubility was increased drastically. When migrating the 




fluorine to 3-position (5.4), activity in pyocyanin inhibition was slightly decreased, but solubility also 
benefitted from the additional substituent and was in the same range as for 5.3.  Interestingly, for 5.4 
the metabolic stability was comparable to 3.29, while 5.3 proved to be almost five times more stable. 
Thus, 5.3 is suitable as a frontrunner compound for further optimization. 
Table 3.3.4: Biological evaluation and DMPK profiling for compounds 5.3 and 5.4. 
 
entry cpd R IC50 (PqsR) IC50 (pyocyanin) Skin t1/2 MLM 
1 3.29* 
 
11 nM 199 nM 7.7 µM 10 min 
2 5.3 
 
5 nM 81 nM 29.6 µM 49 min 
3 5.4 
 
n.d. 214 nM 29.4 µM 15 min 
* = reference; n.d. = not determined 
Dr. Stefan Schmelz (HZI) obtained a cocrystal structure of 5.3 in complex with PqsR91-319 (Figure 3.3.8).  
 
Figure 3.3.8: Overlay of cocrystal structures of 3.29 (orange) and 5.3 (blue) with PqsR91-319. Dark grey ribbon refers to 5.3, light 
grey to 3.29. Color code: dark blue: N, green: F, red: O, grey: H. 




In Figure 3.3.8 an overlay with the structure of 3.29 is depicted. It is clear, that the phenyl ring directly 
attached to the triazole nitrogen is twisted approximately 90°. This conformational change leads to a 
CH-π interaction of the fluorinated phenyl motif with the benzylic proton of Tyr258, in contrast to 3.29, 
which shows CH-π interaction of the Tyr258 arene with the CH of the phenyl moiety. Moreover, an 
additional CH-π interaction of the pyridine headgroup with Ile236 can be found for 5.3. 
3.3.2.2. Pyridine Derivatives 
Since the introduction of fluorine in 2-position proved to be beneficial in terms of activity, as well as 
solubility, the introduction of a nitrogen in the fluorophenyl moiety was promising with respect to 
reduced lipophilicity and, thus, might further increase solubility. Due to limited commercial availability 
starting material and challenging syntheses of precursors only one derivative was synthesized (Scheme 
3.3.8). Commercially available 2-fluoropyridin-3-ol was subjected to SNAr with 1-fluoro-4-nitrobenzene 
(5.5) with K2CO3 in DMF yielding biarylether 5.6a, which was then reduced via hydrogenation with Pd/C 
under an atmosphere of H2 in DCM resulting in aniline derivative 5.6b in excellent yields for both steps.  
Scheme 3.3.8: Synthesis of fluorinated pyridine analogue 5.7.a 
 
aReagents and conditions: a: 2-fluoropyridin-3-ol, K2CO3, DMF, 80 °C, 18 h, > 98%; b: Pd/C, H2, DCM, 20 h, rt, 97%; c: tBuONO, 
TMSN3, MeCN, rt, 3 h; d: CuSO4∙5 H2O, Na ascorbate, DIPEA, N-(prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine (1.25), rt, 
13 h, 52%. 
Then, the established CuAAC protocol was applied, converting 5.6b into the corresponding azide 5.6c 
with tBuONO and TMSN3 in MeCN, to which alkyne 1.25, CuSO4∙5 H2O, Na ascorbate and DIPEA were 
added. The desired target compound 5.7 was then isolated in moderate yield of 52%. The compound 
was then tested for its ability to inhibit pyocyanin production in a spot-test. Unfortunately, it showed 
only 35% inhibition at a concentration of 0.2 µM, which marks a dramatically drop in activity. 
Moreover, the initial plan to increase solubility also did not succeed, since 5.7 was less soluble than 
the parent compound 5.3. Metabolic stability was improved compared to 3.29 and 5.2 but still was 
inferior to 5.3. 




In order to further investigate the impact of the nitrogen atom, the corresponding defluorinated 
compound 5.9 was synthesized from commercially available 4-(pyridin-3-yloxy)aniline 5.8a. Azidation 
and subsequent CuAAC were carried out under the established conditions (Scheme 3.3.9).  
Scheme 3.3.9: Synthesis of pyridine analogue 5.9.a 
 
aReagents and conditions: a: tBuONO, TMSN3, MeCN, rt, 3 h; b: CuSO4∙5 H2O, Na ascorbate, DIPEA, N-(prop-2-yn-1-yl)-2-
(trifluoromethyl)pyridin-4-amine (1.25), rt, 19 h, 56%. 
Since a non-additive SAR has been observed so far in this class when it comes to tail modification 
(chapter 3.2), the role of the nitrogen atom itself remained unclear. When 5.9 was tested for pyocyanin 
inhibition, activity was decreased, showing an IC50 of 679 nM. This very likely explains the drop in 
activity observed for 5.7. Nevertheless, solubility was increased to 41 µM, whereas metabolic stability 
in mouse liver microsomes was drastically decreased to less than 1 minute. 
3.3.2.3. Indazole Analogues 
As already described in Chapter 2.3.1, 3.30, the N-linked 3.29-analogue showed reasonable on-target 
activity but when it comes to its efficacy in pyocyanin inhibition the IC50 drops significantly. To further 
investigate the possibility of keeping the nitrogen as a linking atom, a rigidification approach was 
pursued (Scheme 3.3.10).   
Scheme 3.3.10: Design rationale for compound 5.10. 
 
The indole moiety was introduced via an Ullmann-type coupling with the previously synthesized 
4-bromine derivative 3.22. Here, a protocol using CuI, K2CO3 and L-proline in DMSO was applied.128 
Even though the reaction took three days to reach full conversion, the desired target compound 5.10 
was isolated with a good yield of 82% (Scheme 3.3.11). 




Scheme 3.3.11: Synthesis of compound 5.10.a 
 
aReagents and conditions: a: indole, K2CO3, CuI, L-proline, DMSO, 80 °C, 3 d, 82%. 
In order to investigate the influence of additional nitrogen atoms in the tail region, compounds 
5.16 – 5.19 were synthesized (Scheme 3.3.12). Unfortunately, the aforementioned synthetic 
procedure did not yield the desired target compounds. Therefore, the approach was switched to the 
more promising sequence of SNAr reaction, hydrogenation, azidation and CuAAC. Starting from 
commercially available 1-chloro-4-nitrobenzene 5.11 the corresponding derivatives 5.16 – 5.19 were 
obtained.129  
Scheme 3.3.12: Synthesis of different heteroaryl derived compounds 5.16 – 5.19.a 
 
aReagents and conditions: a: Cs2CO3, corresponding heterocycle, DMF, 80 °C; b: Pt/C, H2, MeOH, rt; c: tBuONO, TMSN3, MeCN, 
rt; d: CuSO4∙5 H2O, Na ascorbate, DIPEA, N-(prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine (1.25), rt. 
The compounds were then evaluated for their efficacy, solubility and metabolic stability (Table 3.3.6).  
Initial rigidification towards indole-substituted compound 5.10 did not have a significant effect on 
activity. When installing a second nitrogen atom, on-target activity is drastically increased in 
compounds 5.16, 5.17 and 5.19 (IC50 = 4 – 9 nM), whereas benzimidazole introduction resulted in a 
two-fold decrease in activity (IC50 = 61 nM). Once again, changing from E. coli to P. aeruginosa, inter-
assay variations regarding qualitative SAR outcomes were observed. By now, no investigations on 
possible influx or efflux problems were conducted. 




Table 3.3.6: Biological evaluation and DMPK profiling of compounds 5.10 and 5.16 – 5.19. 
 
entry cpd R IC50 (PqsR) IC50 (pyocyanin) Skin t1/2 MLM 
1 3.29* 
 
11 nM 199  nM 7.7  µM 10 min 
2 3.30* 
 
31  nM 1058  nM n.d. n.d. 
3 5.10 
 
41  nM 1161  nM 32  µM 58 min 
4 5.16 
 
9  nM 993 nM 43.9  µM 19 min 
5 5.17 
 
8  nM 1899 nM 32.4  µM 10 min 
6 5.18 
 
61  nM 2384  nM 35.1  µM 43 min 
7 5.19 
 
4  nM 277  nM 26  µM 31 min 
* = reference 
While on-target activities in the single-digit nanomolar range were detected for the whole series of 
compounds, only indazole-derived analogue 5.19 proved to significantly inhibit pyocyanin production 
with an IC50 of 277 nM. Moreover, this compound showed improved solubility in comparison to parent 
compound 3.29, even though it is the least soluble derivative within this series. Despite being less 
active, compounds 5.16 – 5.18 exhibit good solubility. Additionally, metabolic stability could be 
improved up to six-fold (compound 5.10). However, 7-azaindole analogue 5.17 was only as stable as 
initial lead compound 3.29. Adding a nitrogen atom into the phenyl part of the indole moiety seems 
to be more detrimental for metabolic susceptibility than addition in the five-membered ring (all 
compared to compound 5.10). 
In order to further increase the solubility of 5.19, an additional nitrogen atom should be introduced in 
positions 5 and 6 respectively (Scheme 3.3.13). These positions were chosen upon the pyocyanin 
results of compounds 5.16 and 5.17, with 5.16 being more active. The initial planned synthesis based 
on the approach in accordance with Scheme 3.3.12 failed in the last step. No optimization of the CuAAC 
was performed, since in the meantime coupling with bromine precursor 3.22 was optimized. 




Utilization of DMEDA as a ligand and K3PO4 as the base delivered the desired target compounds 5.20 
and 5.21.  
Scheme 3.3.13: Synthesis of indazole derivatives 5.20 and 5.21.a 
 
Reagents and conditions: a: 1H-pyrazolo[4,3-b]pyridine, K3PO4, DMEDA, CuI, 25 h, 80 °C, 37%; b: 1H-pyrazolo[3,4-c]pyridine 
K3PO4, DMEDA, CuI, 25 h, 80 °C, 33%. 
Moreover, the addition of fluorine atoms in the tail region should be investigated (Scheme 3.3.14). 
Using the coupling conditions from Scheme 3.3.13 did not yield the desired analogues. Also the initial 
conditions from Scheme 3.3.12 failed, due to problems in the hydrogenation step or the formation of 
the corresponding azide. Also, trials with the precatalysts tBuXPhos Pd G3 and Me3(OMe)tBuXPhos Pd 
G3 with NaOtBu in 1,4-dioxane were not successful. However, Pd-175 once again proved to be 
beneficial, giving access to the desired derivatives in moderate yields ranging from 36 – 60% 
(Scheme 3.3.15).  
Scheme 3.3.14: Design rationale for fluorinated indazole compounds. 
 
It is worth mentioning, that temperature is crucial for chemoselectivity. When the reaction mixture 
was not pre-heated or the temperature exceeded 80 °C, mixtures of the corresponding isomeric 
N-arylated and the desired product were observed. Similar findings were reported by Anderson et al, 
yet with slightly different conditions.130 




Scheme 3.3.15: Synthesis of fluorinated analogues 5.22 – 5.25.a 
 
aReagents and conditions: a: corresponding  fluoro-1H-indazole, Cs2CO3, Pd-175, 1,4-dioxane, 24 h, 80 °C. 
The synthesized derivatives were then subjected to the established testing cascade. Results are 
summarized in Table 3.3.7. 
Table 3.3.7: Biological evaluation and DMPK profiling of compounds 5.20 – 5.25. 
 
entry cpd R IC50 (PqsR) IC50 (pyocyanin) Skin t1/2 MLM 
1 5.19* 
 
4  nM 277  nM 26 µM 31 min 
2 5.20 
 
n.d. 609 nM 67.5  µM 31 min 
3 5.21 
 
n.d. 695 nM 44.6  µM 55 min 
4 5.22 
 
n.d. 1.7 µM 52.6  µM n.d. 
5 5.23 
 
n.d. 1.47 µM 40.0  µM n.d. 
6 5.24 
 
n.d. 637 nM 50.8  µM n.d. 
7 5.25 
 
n.d. 405 nM 53.0  µM n.d. 
* = reference; n.d. = not determined 




Addition of a third nitrogen in the tail region was not beneficial for activity, but increased solubility and 
in case of 5.21 also metabolic stability. Installing a fluorine in the indazole motif led to decreased 
activity, if the substituent was in 6- or 7-position, while 4- and 5-fluorinated analogues were 
significantly less active. Based on the results obtained beforehand (5.3 versus 5.4), compound 5.25 
was expected to be more active which is reflected in its increased pyocyanin inhibition when compared 
to 5.24. Overall, the addition of a fluorine to the indazole motif resulted in less active but more soluble 
compounds. 
3.3.2.4. Aniline Derivatives 
The introduction of a fluorine substituent in 4.35 proved to be very beneficial for activity and solubility. 
Therefore, another optimization step was to include this motif also in aniline derivative 3.30, which 
showed good on-target activity, but lacked pronounced pyocyanin efficacy (Scheme 3.3.15).  
Scheme 3.3.15: Design rationale for compound 5.26 
 
The desired target compound 5.26 was synthesized using bromine-containing precursor 3.22 in a 
Buchwald-Hartwig reaction with 2-fluoroaniline. The coupling was realized with [Pd(cinnamyl)Cl]2, 
BippyPhos and NaOtBu in 1,4-dioxane (Scheme 3.3.16).  
Scheme 3.3.16: Synthesis of compound 5.26 and ist biological evaluation, as well as DMPF profiling.a 
 
aReagents and conditions: 2-fluoroaniline, [Pd(cinnamyl)Cl]2, BippyPhos, NaOtBu, 1,4-dioxane, 80 °C, 27 h, 44%. 
In order to investigate the impact of the anilines attachment, 3-substituted derivatives 5.27 was 
synthesized (Scheme 3.3.17). Since the reaction conditions used for analogue 5.26 seemed promising, 
the desired target compound should be accessible from aryl bromide 5.28. This precursor can easily 




be prepared starting from building block 1.25 and commercially available 3-bromoaniline 5.29, by 
using the established diazotation-CuAAC sequence. 
Scheme 3.3.17: Design rationale and retrosynthetic analysis of compound 5.27. 
 
Synthesis of the precursor 5.28 was straightforward and delivered the desired compound in excellent 
yield of 97%. The subsequent Buchwald-Hartwig coupling also worked well with the conditions already 
established and 3-substituted aniline 5.27 was obtained. 
Scheme 3.3.18: Synthesis of precursor 5.28 and target compounds 5.27 and 5.30 – 5.34.a 
 
aReagents and conditions: a: tBuONO, TMSN3, MeCN, rt, 1 h, then CuSO4∙5 H2O, Na ascorbate, DIPEA, N-(prop-2-yn-1-yl)-2-
(trifluoromethyl)pyridin-4-amine (1.25), rt, 3 h; b: corresponding aniline, [Pd(cinnamyl)Cl]2, BippyPhos, NaOtBu, 1,4-dioxane, 
80 °C, 18 h; c: corresponding aniline, Pd-175, Cs2CO3, 1,4-dioxane, 90 °C, 24 h. d: 1H-indazole, K3PO4, CuI, DMEDA, 1,4-dioxane, 
80 °C, 21 h. 




Since the introduction of a fluorine in the tail moiety proved to be very beneficial, as already discussed 
before, aiming for various fluoroaniline motifs seemed promising. With bromine 5.28 in hand, the 
corresponding fluoroanilines were subjected to Buchwald-Hartwig couplings under the previously 
described conditions. Unfortunately, only the installation of 4-fluoroaniline in compound 5.30 was 
successful, whereas 2- and 3-fluoroanilines did not undergo the desired C–N coupling. While 
application of tBuXPhos Pd G3 as a precatalyst did not show any conversion, full conversion was 
obtained when Pd-175 was used. Changing the base to Cs2CO3 delivered the desired target compounds 
5.31 and 5.32 in good to excellent yields (Scheme 3.3.18). Moreover, a 2,5-difluorinated motif in 
compound 5.33 could be installed, also in excellent yield. Additionally, indazole derivative 5.34 was 
synthesized in order to gain further insights into the role of the substitution patterns. Using the already 
established protocol with CuI, DMEDA and K3PO4 in 1,4-dioxane yielded compound 5.34 (Scheme 
3.3.18). From a comparable compound class of this project it was obvious, that shifting the phenoxy 
moiety to the 3-position completely abolished activity. Therefore this modification was not considered. 
3.3.2.5. Biological Evaluation and DMPK Profiling 
The synthesized compounds were tested for their pyocyanin inhibition, solubility and metabolic 
stability in mouse liver microsomes. The results are summarized in Table 3.3.8. Introduction of the 
fluorine resulting in compound 5.26 boosted activity, while also showing good solubility. Nevertheless, 
metabolic stability is relatively low. When moving the aniline motif to 3-position, highly potent 
compound 5.27 was obtained (IC50 = 156 nM). Despite, being less soluble than the initial project lead 
3.29 it was still in a good range (Skin = 44.6 µM).  Moreover, this compound showed very good 
metabolic stability of up to 55 minutes. When a fluorine substituent is introduced in 2-position of the 
aniline tail (compound 5.31), potency is further increased, yet at the expense of solubility and 
metabolic stability. Especially the latter dropped drastically down to 9 minutes. When the fluorine 
substituent is moved to 3-position in compound 5.32, activity decreases in comparison to 5.31, 
whereas solubility and metabolic stability are slightly increased. Yet, 5.32 still proved to be a highly 
potent compound. Also installation of the halogen in 4-position (compound 5.30) resulted in decreased 
activitiy, while solubility was in the range of 5.27. In case of monofluorinated derivatives compound 
5.30 proved to be the most stable one. The 2,5-di-fluorinated analogue 5.33 exhibited very good 
potency  with also good DMPK properties. As for the activity, the fluorination pattern gave the same 
results as in the oxygen linked derivatives. A fluorination in 2-position gave the best result, followed 
by 3-position and 4-position being the least favorable. Even though, compounds 5.31 and 5.32 
demonstrate powerful optimized compounds, a possible drawback of these aniline derivatives could 
be the release of toxic metabolites upon metabolic cleavage. By now, no such studies were performed. 




Table 3.3.8: Structure, biological evaluation and DMPK profiling of compounds 5.26, 5.27 and 5.30 – 5.34. 
 









1 3.29* H 
 
11 199 7.7 10 
2 3.30* H 
 
31 1058 n.d. n.d. 
3 5.26 H 
 
n.d. 649 87.7 8 
4 5.27 
 
H n.d. 156 44.6 55 
5 5.30 
 
H n.d. 176 40 19 
6 5.31 
 
H n.d. 68 17.4 9 
7 5.32 
 
H n.d. 99 21.9 16 
8 5.33 
 
H n.d. 89 21 14 
9 5.34 
 
H n.d. 277 14.3 7 








3.3.3. Head Modification II 
3.3.3.1. Chlorine-containing Headgroup 
With the chlorine-containing building block 4.17 in hand, it was obvious to further investigate the 
impact of this additional substituent with other tail modifications. Therefore, derivatives which 
showed good overall potency, good potency in E. coli but not in P. aeruginosa, and those with favorable 
DMPK properties were combined with the chlorine motif in the head. With the corresponding aniline 
derivatives in hand, the established diazotation/CuAAC protocol was used and yielded compounds 
5.35 – 5.41 (Scheme 3.3.19). 
Scheme 3.3.19: Synthesis of compounds 5.35 – 5.41.a  
 
aReagents and conditions: corresponding azides, CuSO4∙5 H2O, Na ascorbate, DIPEA, rt. 
Since the corresponding anilines were not available for aza-indazole and fluoro-indazole, as well as an 
aniline-derivative, these moieties should be introduced via Buchwald-Hartwig chemistry. Therefore, 
bromine-containing precursors 5.42 and 5.43 were synthesized from 4.17 (Scheme 3.3.20). For the 
indazole analogues, tBuXPhos Pd G3 with NaOtBu in 1,4-dioxane proved to be feasible for the coupling 
of both, the fluorine- and the aza-derivative 5.44 and 5.45. It is worth mentioning, that an impurity of 
N2-arylated isomer (not shown, 2% by 1H-NMR) were generated under these conditions. This was also 
proven by a cocrystal structure of 5.44 and its impurity in complex with PqsR (see Figure 3.3.9 and 
Figure 3.3.10). For 5.46, first attempts with Pd-175 and Cs2CO3 only delivered bis-coupled products or 
no reaction, when the temperature was decreased. Also, working under higher dilution did not yield 
the desired compounds in satisfying amounts. With [Pd(cinnamyl)Cl]2 and BippyPhos, only 
dechlorinated starting material was observed. The same conditions where applied for 2,5-di-fluoro 
aniline, leading only to bisarylated product. Also in this case the change of the reaction temperature 




did not have the desired impact. The synthesis was accomplished using Pd-175 and Cs2CO3 under the 
exact same conditions. Even though 20% of the bisarylated product where isolated, the desired target 
compound 5.46 was the main product and could be isolated with a yield of 54%. 
Scheme 3.3.20: Synthesis of precursors 5.42 and 5.43 with subsequent transformation to compounds 5.44 – 5.46.
 
aReagents and conditions: a: 4-bromoaniline, tBuONO, TMSN3, MeCN, rt, 1 h, then 4.17, CuSO4∙5 H2O, Na ascorbate, DIPEA, 
rt, 3 h,  97%; b: 3-bromoaniline, tBuONO, TMSN3, MeCN, rt, 1 h, then 4.17, CuSO4∙5 H2O, Na ascorbate, DIPEA, rt, 3 h,  94%; c: 
4-F-1H-indazole or 1H-pyrazolo[4,3-b]pyridine, NaOtBu, tBuXPhos Pd G3, toluene, 100 °C, 18 h; d: 2,5-difluoroaniline, Cs2CO3, 
Pd-175, 1,4-dioxane, 80 °C, 3 h, 54%. 
The chlorine analogues were then subjected to the testing cascade and the results are summarized in 
Table 3.3.9. The values in brackets are the references lacking the chloro headgroup. Once again, a 
non-additive SAR is observed. While for some compounds the introduction of chlorine in the head did 
not affect activity at all (compounds 5.36, 5.44 and 5.37), others showed decreased pyocyanin 
inhibition (5.41 and 5.46). Nevertheless, in some cases this modification even significantly boosted 
potency (5.35 and 5.45). Especially compound 5.45 displayed an almost four-fold increased ability to 
inhibit pyocyanin production. This finding might be further supported by the fact that enhanced 
lipophilicity might lead to a better effect in P. aeruginosa.131,132 As expected, solubility was decreased 
upon introduction of a chlorine atom, except for compound 5.46, showing slightly improved solubility. 
All of the above mentioned compounds were then subjected to the amination conditions with Pd-175 










Table 3.3.9: Structure, biological evaluation and DMPK profiling of 5.36 – 5.41 and 5.44 – 5.46. 
 
entry cpd R IC50 (pyocyanin)* Skin* t1/2 MLM* 
1 5.35 
 
107 (237) nM 15.8 (26.9) µM 30 (2)  min 
2 5.36 
 
85 (81) nM 22 (29.6) µM n.d.  (9)  min 
3 5.37 
 
134 (142) nM 8.5 (25.9) µM 73 (36) min 
4 5.38 
 
184 (679) nM 22.7 (41) µM 59 (<1) min 
5 5.39 
 
725 (1899) nM 20.9 (32.4) µM n.d. (10) min 
6 5.40 
 
839 (993) nM 21.1 (43.9) µM n.d. (19) min 
7 5.41 
 
447 (277) nM 8  µM (26  µM) 40 (31) min 
8 5.44 
 
25% (22%)** 21.1 (67.5) µM 32 (31) min 
9 5.45 
 
462 nM (1.7 µM) 20.7 (52.6) µM 93 (n.d.) min 
10 5.46 
 
 162 (89) nM 25.5 (21) µM 24 (14) min 
* values in brackets refer to parent compounds without chlorine in the headgroup; n.d. = not 








As mentioned before, for compounds 5.45 and its N2-arylated isomer iso-5.45 Dr. Stefan Schmelz 
obtained cocrystal structures in complex with PqsR91-319. The structures are depicted in Figures 3.3.9 
(5.45) and 3.3.10 (iso-5.45). It is woth mentioning, that the results presented here are preliminary. The 
two compounds show common and different interactions with the protein. In contrast to the PqsR 
inverse agonists lacking a chlorine atom in the head, compound 5.45 does not interact with a crystal 
water molecule via its pyridine nitrogen atom (Figure 3.3.9). Instead, a π-H interaction with Leu208 
and an H-O interaction with the backbone oxygen atom of Leu207 is observed. Moreover, the 
trifluoromethyl group interacts with backbone Pro238. Main interactions of the tail moiety involve an 
F-H interaction with the sidechain of His184, a π-H interaction with Leu189 and N-H interaction with 
Val170. 
 
Figure 3.3.9: Cocrystal structure of compound 5.45 in complex with PqsR91-319 at a resolution of 2.8 Å. Main interaction 
residues are labeled. Color code: blue: C, dark blue: N, green: F, dark green: Cl. 
Compound iso-5.45 also shows the aforementioned interactions with Leu207 and Leu208. 
Additionally, an NH-O interaction with the bacbone oxygen atom of Leu207 is observed. In contrast to 
5.45, the trifluoromethyl substituent of iso-5.45 interacts with Thr265 and Ala168. Also, the tail region 
does not show a π-H interaction with the already mentioned Leu189 rather a π-H interaction with 
Tyr258. Similar to 5.45 the nitrogen atom of the indazole moiety interacts with Val170.  The interaction 
of the fluorine atom with His184 is not observed. 





Figure 3.3.10: Cocrystal structure of compound iso-5.45 in complex with PqsR91-319 at a resolution of 2.8 Å. Main interaction 
residues are labeled. Color code: blue: C, dark blue: N, green: F, dark green: Cl. 
3.3.3.2. Pyrimidine Modification 
Another modification, which was planned in order to increase solubility, was the introduction of a 
second nitrogen to the head. It is known that the amino-pyrimidine moiety in 5A is accepted and even 
boosts activity on the target (Figure 3.3.11). Pyocyanin inhibition is however decreased for 5A. 
 
Figure 3.3.11: Structure and biological evaluation of compounds 1B and 5A. 
For the synthesis of 5.49, commercially available 4,6-dichloro-2-(trifluoromethyl)pyrimidine 5.47 was 
treated with propargylamine and Cs2CO3 in DMF, affording the desired alkyne precursor 5.48 in 58% 
yield (Scheme 3.3.21). Only small amounts of di-amination product were observed (<5%). Subsequent 
CuAAC with 1-azido-4-phenoxybenzene gave the desired target compound 5.49. The chlorine atom 
was removed to give pyrimidine analogue 5.50 in excellent yields after hydrogenation.  




Scheme 3.3.21: Synthesis of compounds 5.49 and 5.50. 
 
aReagents and conditions: a: propargylamine, Cs2CO3, DMF, microwave, 75 °C, 1 h, 58%; b: 1-azido-4-phenoxybenzene, 
CuSO4∙5 H2O, Na ascorbate, DIPEA, tBuOH/H2O, rt, 24 h, 81%; c: Pd black, H2, MeOH, rt, 2 d, 96%; d: various conditions, see 
Table 3.3.10. 
Attempts to convert the chlorine into the corresponding amine 5.51 were not successful. The tested 
conditions are summarized in Table 3.3.10. 
Table 3.3.10: Attempted amination conditions of 5.49. 5.0 eq. of nucleophile, 2.2 eq. of base and 10 mol% of catalyst/20 mol% 
of ligand were used. Molarity was 0.1 M in the given solvent. 
 
entry nucleophile catalyst/ligand base solvent T t 
1 BocNH2 Pd-175 Cs2CO3 1,4-dioxane 80 °C 21 h 
2 NH4OH Cu2O/1,10-phenanthroline - DMSO 100 °C 18 h 
3 NH4OH CuI/DMEDA K3PO4 1,4-dioxane 80 °C 21 h 
4 NH3 (7 M in MeOH) Cu2O/1,10-phenanthroline - 1,4-dioxane 100 °C 21 h 
 
The two derivatives 5.49 and 5.50 were then tested in the E. coli-based reporter gene assay. While 
5.49 showed an IC50 of 174 nM, activity was abolished for 5.50 (>> 1 µM) (Figure 3.3.12). Therefore, 
none of these compounds were further tested for their ability to inhibit pyocyanin production. 
Nevertheless, the chloro-pyrimidine analogue was evaluated regarding solubility and metabolic 
stability and showing an increase in both parameters. 





Figure 3.3.12: Biological evaluation and DMPK profiling of compounds 5.49 and 5.50. 
The obtained results did not render compound 5.51 a highly prioritized compound, due to the 
relatively low on-target activity in comparison to advanced lead compounds. 
3.3.3.3. Heteropentacycle-containing Headgroup 
The established chlorine motif was further used in other project-related compounds and was exploited 
as a growth vector by Dr. Ahmed Saad Abdelsamie. The introduction of a pyrazole, imidazole and a 
1,2,4-triazole proved to be very beneficial in terms of activity and DMPK properties. The properties of 
these compounds are summarized in Table 3.3.11. 
Table 3.3.11: Structure, activity and DMPK profiling of compounds 5B – 5F. 
 
entry cpd R IC50 (pyocyanin) SKin t1/2  MLM 
1 5B H 118 nM 17.8 µM 29 min 
2 5C Cl 82 nM 34.9 µM 15 min 
3 5D 
 
52 nM 23.3 µM 56 min 
4 5E 
 
47 nM 24.3 µM 52 min 
5 5F 
 
75 nM 51.8 µM 79 min 
 
Compared to parent compound 5B, all derivatives showed improved activity. Especially the imidazolyl 
analogue 5E exhibited excellent pyocyanin inhibition with an IC50 of 47 nM, followed by the pyrazole 




5D. The triazole 5F, although not being the most potent congener of this series, was superior in terms 
of solubility and metabolic stability. 
Based on these results, corresponding derivatives with the triazole linkage were synthesized (Scheme 
3.3.22). The 4-phenoxy derivatives were the first to be prepared, since large amounts of precursor 4.2 
were available. Compound 5.52, initially established by PharmBioTec, was resynthesized with different 
conditions. When the corresponding pyrazole-boronic acid pinacol ester was combined with Pd(PPh3)4 
and Na2CO3 in a water/dioxane mixture compound 5.52 was obtained in low yields. Since larger 
amounts of 5.52 were needed for PK experiments, the route was first optimized. For the 
Suzuki-Miyaura reaction, Pd2dba3, cataCXium A in toluene, with Cs2CO3 as a base, proved to be 
beneficial, delivering the desired target compound 5.52 in a high yield of 85%. These conditions were 
also utilized for the coupling with imidazole and 1H-1,2,4-triazole. While the reaction worked with 
imidazole leading to compound 5.53, for the desired triazole analogue, no conversion was observed. 
Simple microwave-aided SNAr with Cs2CO3 in 1,4-dioxane then delivered compound 5.54. Moreover, 
fluorine-containing compound 5.36 was converted into the corresponding pyrazole analogue using the 
established conditions (4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole, Pd2dba3, 
cataCXium A and Cs2CO3 in toluene). 
Scheme 3.3.22: Synthesis of 5.52 – 5.55.a 
 
aReagents and conditions: a: 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole, Pd2dba3, cataCXium A, Cs2CO3, 
toluene, 2 h, 100 °C, microwave, 84%; b: imidazole, Pd2dba3, cataCXium A, Cs2CO3, toluene, 2 h, 100 °C, microwave, 23%; c: 
1H-1,2,4-triazole, Cs2CO3, 1,4-dioxane, 2 h, 100 °C, microwave, 35%; d: 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-
pyrazole, Pd2dba3, cataCXium A, Cs2CO3, toluene, 2 h, 100 °C, microwave, 63%. 
In order to further investigate the impact of the new modifications in the corresponding isopropoxy 
derivatives, precursor 5.56 was prepared from building block 4.17 via CuAAC with 1-azido-4-
isopropoxybenzene (Scheme 3.3.23). The latter was prepared in situ by diazotation of the 




corresponding aniline. Subsequent Suzuki-Miyaura reaction gave the corresponding pyrazole analogue 
5.57 in an excellent yield of 92%. The same conditions were employed in order to convert the chlorine 
into an imidazole moiety but failed to construct 5.58. Aforementioned SNAr conditions with imidazole 
and Cs2CO3 in 1,4-dioxane did not yield the desired target compound. Since imidazolyl and pyrazolyl 
derivatives 5D and 5E from the thiazole-class did not differ much in their properties, it was decided to 
not further optimize the reaction conditions. For the triazole congener, the SNAr reaction worked very 
well and delivered compound 5.59. 
Scheme 3.3.23: Synthesis of derivatives 5.56 – 5.58.a 
 
aReagents and conditions: a:  tBuONO, TMSN3, 4-isopropoxyaniline, MeCN, 0 °C, 1 h, then 1.21,  CuSO4∙5 H2O, Na ascorbate, 
DIPEA, rt, 16 h, > 98%; b: 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole, Pd2dba3, CataCXium A, Cs2CO3, toluene, 
2 h, 100 °C, microwave; c: 1H-1,2,4-triazole, Cs2CO3, 1,4-dioxane, microwave. 
The new derivatives, as well as the precursor 5.56 were then subjected to the testing cascade of 
pyocyanin inhibition, solubility and metabolic stability. The results are summarized in Table 3.3.12. 
Here again, a clearly non-additive and highly non-linear SAR was observed. While for the phenoxy 
analogue 4.2, the additional chlorine in the head had no impact on activity, the corresponding 
isopropoxy derivative 5.56 displayed a drastical increase in its abilitiy to inhibit pyocyanin production 
(IC50 = 111 nM), making it four times more potent than its parent compound 3.25 (IC50 = 447 nM). Also, 
the metabolic stability was improved almost seven-fold. However, solubility dropped to 23.4 µM. With 
its pyrazole moiety in the head, phenoxy compound 5.52 showed improved ability to inhibit pyocyanin 
production, whereas the isopropoxy congener 5.57 had decreased activity (IC50 = 246 nM) in 
comparison to the chloro analogue 5.56. In both cases metabolic stability was increased compared to 
the parent compounds 3.29 and 3.25. For the phenoxy derivative 5.52, an increase in solubility 
(Skin = 48.6 µM) was observed, whereas 5.57 proved to be less soluble (Skin = 36.9 µM). Combining the 
pyrazole moiety with the 2-fluoro-substituted phenoxy tail in compound 5.55 lead to a decreased 
activity (IC50 = 134 nM) compared to the parent compound 5.36 (IC50 = 85 nM), being equipotent with 




5.52. Also, solubility is decreased more than two-fold when comparing 5.55 (Skin = 21.0 µM) to 5.52 
lacking the fluorine. Beneficially, metabolic stability is increased in 5.55 up to 33 minutes. 
Table 3.3.12: Structure, activity and DMPK profiling of compounds 5.52 – 5.59. 
 
entry cpd R R’ IC50 (pyocyanin) SKin t1/2 MLM 
1 3.29* H Ph 199 nM 7.7 10 
2 4.2* Cl Ph 196 nM n.d. n.d. 
3 5.52 
 
Ph 136 nM 48.6 µM 26 min 
4 5.53 
 
Ph 293 nM 26.9 µM 14 min 
5 5.54 
 
Ph 182 nM 26.3 µM 76 min 
6 5.55 
 
2-F-Ph 134 nM 21.0 µM 33 min 
7 3.25* H iPr 447 nM 101.2 µM 4 min 
8 5.56 Cl iPr 111 nM 23.4 µM 27 min 
9 5.57 
 
iPr 246 nM 36.9 µM 20 min 
10 5.59 
 
iPr 309 nM 23.7 µM 71 min 
* = reference, n.d. = not determined 
While in the thiazole-class, the analogue 5F, bearing the triazole in the head, displayed the best 
solubility and metabolic stability, in this set of compounds it proved to be only beneficial in terms of 
stability. The solubility was decreased in congeners 5.54 and 5.59. The imidazole modification, being 
the most potent one in analogue 5E, did not give the anticipated benefit for compound 5.53 but rather 




decreased activity (IC50 = 293 nM). Reasons for these non-linearities in SAR and structure-property 
relationship (SPR) might be the high flexibility of PqsR in the region where the tail part of the molecules 
bind to PqsR. Furthermore, non-linearity relies on the concept that the substituents do not affect each 
other. In this case, the chlorine atom and the alkoxy or phenoxy moiety are next to each other.   
Scheme 3.3.24: Synthesis attempts to introduce heterocyclic moieties in the head group.a 
 
aReagents and conditions: a: 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole, Pd2dba3, CataCXium A, Cs2CO3, 
toluene, 2 h, 100 °C, microwave; b: 1H-1,2,4-triazole, Cs2CO3, 1,4-dioxane, microwave; c: imidazole Cs2CO3, 1,4-dioxane, 
microwave; d: 1H-1,2,4-triazole, Pd2dba3, CataCXium A, Cs2CO3, toluene, 2 h, 100 °C, microwave. 
 




Since the introduction of the pyrazole moiety proved to be beneficial in terms of all of the above 
mentioned properties, attempts to incorporate this motif into selected derivatives were conducted. 
Treatment of 5.38 with pyrazole-boronic acid pinacol ester, Pd2dba3, cataCXium A and Cs2CO3 in 
toluene only resulted in dehalogenation of the starting material. Attempts to incorporate the triazole 
moiety under SNAr conditions did not show any conversion to desired target compound 5.60. For the 
indazole derivative 5.41, neither SNAr reaction, nor Suzuki-Miyaura coupling led to the desired target 
compounds 5.61 or 5.62. For the latter, only dehalogenated starting material was observed again 
(Scheme 3.3.24). Surprisingly, treatment of 5.37 under these conditions led to bis-coupled product 
5.63 or iso-5.63 and other non-identified byproducts, resulting either from a rare Suzuki-Miyaura 
reaction with fluorine, or more likely SNAr reaction of the pyrazole-boronic acid pincaol ester followed 
by ester cleavage. Nevertheless, further optimization of reaction conditions was not attempted. 
Attempts to introduce heteropentacycles starting from alkyne building block 4.17 under the 
aforementioned conditions to the corresponding precursors 5.64 – 5.66 were also not successful 
(Scheme 3.3.24). 
As already mentioned in the beginning of this section, larger amounts of 5.52 were needed for PK 
experiments, which were conducted at Saretius. The results are summarized below in Table 3.3.13 and 
5.52 proved to be less favorable in terms of these parameter. 
Table 3.3.13: PK data for 5.52 in plasma, lung and BALF. 
 plasma lung BALF 
t1/2 [h] 0.48 ± 0.0 0.74 ± 0.0 0.50 
Tmax [h] 0.50 ± 0.0 1.00 ± 0.9 0.50 ± 0.0 
Cmax [ng/ml] 15.61 ± 2.4 173.05 ± 161.4 265.70 ± 135.9 
AUC0-t [ng/ml∙h] 9.99 ± 2.9 119.16 ± 80.4 206.07 ± 12.6 
MRT [h] 0.84 ± 0.0 1.22 ± 0.2 0.83 
Vz/Fobs [l/kg] 1682.34 ± 599.9 - - 
Cl/Fobs [ml/min/kg] 39900.48 ± 11294.0 - - 
 
3.3.4. Core Modification 
By now, only modifications in the tail region and the head were investigated. In order to gain further 
structural insights, the triazole linker should be modified and different secondary substituents should 
be introduced (Figure 3.3.13). 





Figure 3.3.13: Possible variations in the core motif. 
When thinking of a triazole replacement without high synthetic efforts, the isoxazole can easily be 
introduced via click reaction with nitriloxide 5.68, which can be generated in situ from 5.69. This can 
be obtained from oxime 5.70, which is accessible from commercially available aldehyde 5.71.  
Scheme 3.3.25: Retrosynthetic analysis of 5.67. 
 
With the alkyne building block already in hand, only the nitriloxide precursor 5.68 had to be 
synthesized (Scheme 3.3.26). Starting from 4-phenoxybenzaldehyde 5.71, treatment with 
hydroxylamine hydrochloride and Na2CO3 in a MeOH/H2O mixture gave oxime 5.70, which was then 
submitted to chlorination with NCS in DCM.   
Scheme 3.3.26: Synthesis of 5.67 and its biological evaluation, as well as DMPK profiling.a 
 
aReagents and conditions: a: NH2OH∙HCl, Na2CO3, MeOH/H2O (1:3), rt, 3 h, 59%; b: NCS, DCM, 6 h; c: CuSO4∙5 H2O, Na 
ascorbate, Na2CO3, tBuOH/H2O (1:1), rt, 16 h, 2% (over 2 steps). 




Subsequent nitriloxide formation from 5.69 with NEt3 followed by cycloaddition with CuSO4∙5 H2O, Na 
ascorbate and Na2CO3 in tBuOH/H2O led to target compound 5.67 in 2% overall yield over three 
steps.133 The low yield can be explained by low conversion in the coupling step and problems within 
the purification process. The compound still showed good activity, which was lower than the activity 
of the triazole parent compound. Nevertheless, metabolic stability was improved, while solubility was 
not affected. Due to the low solubility, no attempts to synthesize the corresponding derivative with a 
chlorine in the head were done.  
Exchanging the triazole in 5G to a 1,3,4-oxadiazole in 5H proved to be beneficial in a set of compounds 
prepared by Ahmed Kamal in this project (Figure 3.3.14). Since it was known, that in N-linked 
derivatives instead of S-linked congeners were generally more potent it was obvious to synthesize the 
corresponding derivative 5.72, already equipped with the 4-phenoxy tail. 
 
Figure 3.3.14: Design rationale for 5.72. 
Retrosynthetic analysis of 5.72 is based on an N-alkylation approach and reveals Boc-protected 
aminopyridine 1.8 and bromide 5.73 (Scheme 3.3.27).  
Scheme 3.3.27: Retrosynthetic analysis of 5.72. 
 
This can be obtained from alcohol 5.74 which itself should be generated by reduction of ester 5.75. 




The oxadiazole formation should be accomplished by ring closure of corresponding ethyl 2-oxo-2-(2-
(4-phenoxybenzoyl)hydrazinyl)acetate 5.76, which can be prepared from hydrazide 5.77, revealing 
commercially available 4-phenoxybenzoic acid 5.78 as starting material. 
Activation of 4-phenoxybenzoic acid 5.78 with CDI in THF, followed by addition of N2H4∙H2O gave the 
corresponding hydrazide 5.77 in quantitative yield (Scheme 3.3.28).134 Subsequent treatment with 
ethyl 2-chloro-2-oxoacetate in DCM with DIPEA and DMAP resulted in desired cyclization precursor 
5.76. The formation of the 1,3,4-oxadiazole was realized via a protocol using TsCl and NEt3 in DCM.135 
Subsequent reduction of the corresponding ester with NaBH4 in THF gave 5.74 in 43% yield over two 
steps. Conversion of the alcohol to the bromide was carried out with PBr3 in Et2O and yielded 5.73 in 
quantitative yield. The coupling was then performed under the established conditions with NaH 
(60 wt%) in DMF and subsequent deprotection of 5.79 yielded the desired target compound 5.72. It is 
worth mentioning, that in the alkylation step it was crucial to add deprotonated building block 1.8 to 
a stirred solution of 5.73. Otherwise yields were lower and partial decomposition was observed. 
Scheme 3.3.28: Synthesis, biological evaluation and DMPK profiling of 5.72.a 
 
aReagents and conditions: a: CDI, N2H4∙H2O, THF, rt, 3 h, > 98%; b: 2-chloro-2-oxoacetate, DIPEA, DCM 0 °C  rt, 5 h, 83%; c: 
NEt3, TsCl, 0 °C  rt, 13 h, 71%; d: NaBH4, THF, MeOH, 0 °C  rt, 3 h, 61%; e: PBr3, DCM 0 °C  rt, 3 h, 98%; f: 1.8, NaH 
(60 wt%), DMF, 0 °C  rt, 2 h, 51%; g: TFA/DCM (1:9), rt, 18 h, 87%. 
Even though, for 5.72 activity is decreased almost two-fold, both in E. coli and P. aeruginosa, solubility 
is significantly increased compared to its parent compound 3.29 (Skin = 7.7 µM). Also, 5.72 proves to 
be more stable in mouse liver microsomes in comparison to 3.29 (t1/2 = 10 min) (Scheme 3.3.28).  
With respect to the tail region, a 3-chloro4-isopropoxy derivative was planned to be synthesized in 
order to investigate the combination with the oxadiazole core motif. The alkylation precursor was 
synthesized from commercially available methyl 3-chloro-4-hydroxybenzoate 5.80 (Scheme 3.3.29). 




First, the isopropoxy group was introduced via microwave-aided nucleophilic substitution with 
isopropyl bromide in acetone, followed by conversion into the corresponding hydrazide 5.82 with 
N2H4∙H2O in EtOH. Formation of oxadiazole 5.83 was achieved in an excellent yield of 94% by applying 
a protocol from Kumar et al. using ethyl 2-chloro-2-oxoacetate, NEt3 and TsCl in DCM.135 
Scheme 3.3.29: Synthesis of alkylation precursor 5.84 and attempt to synthesize 5.85. 
 
aReagents and conditions: a: isopropyl bromide, Cs2CO3, 50 °C, 3 h, microwave, 82%; b: N2H4∙H2O, EtOH, 80 °C, 5 h, 87%; c: 
ethyl 2-chloro-2-oxoacetate, NEt3, DCM, 0 °C  rt, 15 h, then NEt3, TsCl, 0 °C  rt, 4 h, 94%; d: NaBH4, MeOH, 0 °C  rt, 24 h; 
e: PBr3, DCM, 0 °C  rt, 3 h, 94% (2 steps); f: tert-butyl (2-(trifluoromethyl)pyridin-4-yl)carbamate 1.8, NaH (60 wt%), DMF, 
0 °C  rt, 1 – 3 h. 
Next, ester 5.83 was reduced with NaBH4 in MeOH and the obtained alcohol was directly used in the 
bromination step with PBr3. The alkylation precursor 5.84 was isolated in excellent yield of 94% over 
two steps and was also used without further purification in the next step, since purification via flash 
chromatography led to decomposition. It is also worth mentioning, that 5.84 proved to be instable in 
CDCl3, DMSO-d6, MeOD and acetone-d6 over time (< 1 h). This might also be a plausible reason why 
the initially planned SN reaction with building block 1.8 was not successful. When using the same 
alkylation protocol from Scheme 3.3.28, only decomposition was observed. Different addition 
methods were also evaluated, e.g. deprotonation of 1.8 followed by addition of 5.84 in DMF. Also, test 
reactions with THF instead of DMF were carried out. However, none of the conditions gave the desired 
compound 5.85. Attempts to convert the alcohol into a toslyate with TsCl and NEt3 in DCM led to 
decomposition of the starting material. Due to the lower priority of this compound, no further 
experiments were conducted. 
In order to explore a possible growth vector in the triazole linker, the methyl substituted analogue 5.87 
was synthesized (Scheme 3.3.30). First, propargylated carbamate 1.24 was alkylated using LDA in THF 
and MeI, leading to 5.86. This compound was then subjected to thermic cycloaddition with 1-azido-4-
phenoxybenzene in tBuOH/H2O at 80 °C. Under these conditions, the Boc-protecting group was also 




cleaved off, delivering desired target compound 5.87 directly. It is worth mentioning, that only one 
isomer was formed during this reaction. 
Scheme 3.3.30: Synthesis of compound 5.87.a 
 
aReagents and conditions: a: LDA, THF, –78 °C, 1 h, then MeI, rt, 18 h, 83%; b: 1-azido-4-phenoxybenzene, MeCN, 80 °c, 3 d, 
10%. 
The compound was then tested in P. aeruginosa, showing only 48% effect in inhibiting pyocyanin 
production at 1 µM. Therefore, no steps towards growing in this direction were undertaken. 
Regarding further investigations of the substituents in the phenyl moiety, derivatives 5.94 and 5.95 
were synthesized (Scheme 3.3.31). The nitrile substituent was chosen to boost solubility, while the 
fluorine atom in 2-position should give more information about possible combinations. Commercially 
available phenols 5.88 and 5.89 were converted into the corresponding azides 5.90 and 5.91 via 
diazotation before installing the isopropoxy moiety to avoid N-alkylation. Subsequent CuAAC yielded 
alkylation precursors 5.92 and 5.93.  
Scheme 3.3.31: Synthesis of compounds 5.94 and 5.95.a 
 
aReagents and conditions: a: tBuONO, TMSN3, MeCN, rt; b: Na-ascorbate, CuSO4∙5 H2O, DIPEA, MeCN, rt; c: iPrBr, Cs2CO3, 
acetone, 60 °C, 2 d. 
The chlorine motif in the head was chosen, since it previously showed to increase potency in alkoxy 
derivatives. Alkylation with isopropylbromide and Cs2CO3 in acetone gave the desired target 
compounds 5.94 and 5.95. The new derivatives were then again evaluated on their ability to reduce 








Table 3.3.14: Biological evaluation and DMPK profiling of 5.94 and 5.95. 
 
entry cpd R R’ IC50 (pyocyanin) Skin t1/2 MLM 
1 5.56* H H 111 nM 23.4 µM 27  min 
2 5.94 H CN 216 nM 17.8 µM 21  min 
3 5.95 F H 185 nM 21.6 µM 1 min 
* = reference 
Introduction of the nitrile group did not lead to the expected benefits in solubility. In contrast, it 
decreased it as well as the metabolic stability. Adding a fluorine in 2-position was accepted in terms of 
activity and also solubility was not affected drastically. Metabolic stability however dropped to 
1 minute. Therefore no other derivatives were synthesized. 
3.4. Computer-aided Drug Design 
3.4.1. Nitrile Headgroup 
Based on the cocrystal structure of 3.29, a promising modification was the replacement of the pyridine 
nitrogen with a nitrile substituent. This could replace the crystal water molecule (green circle in Figure 
3.4.1) located nearby Ile236, which interacts with the pyridine nitrogen. If the water molecule is not 
tightly bound to PqsR, this modification might lead to increased affinity of the the putative PqsR inverse 
agonist.  





Figure 3.4.1: Cocrystal structure of 3.29 in complex with PqsR91-319 at 2.15 Å. Color code: blue: C, dark blue: N, red: O, green: F, 
grey: H, crystal water is displayed as a red ball. 
Commercially available aniline derivative 6.1 was treated with Boc2O and DMAP in THF, which afforded 
compound 6.2. Subsequent propargylation yielded alkyne 6.3 in an excellent yield of 96%. The desired 
target compound 6.5 was obtained by Boc-deprotection, followed by CuAAC with 
1-azido-4-phenoxybenzene (Scheme 3.4.1). 
Scheme 3.4.1.: Synthesis of nitrile headgroup analogue 6.5. 
 
Reagents and conditions: a: Boc2O, DMAP, THF, 15 h, rt, 69%; b: NaH (60 wt%), DMF, 10 min, 0 °C, then propargyl bromide, 
rt, 3 h, 96%; c: TFA, DCM, 16 h, rt, 96%; d: 1-azido-4-phenoxybenzene, DIPEA, Na ascorbate, CuSO4∙5 H2O, H2O/tBuOH (1:1), 
18 h, 40 °C, 28%. 
The compound was then tested for its biological activity. On-target activity was drastically decreased 
in comparison to the parent compound and pyocyanin activity was completely abolished. A reason for 
this might be a tightly bound water molecule, which then does not give the expected entropic benefit 




upon replacement in the pocket. Moreover, delayed penetration or efflux might explain the abolished 
pyocyanin activity. 
3.4.3. Merged Headgroup I 
Based on the crystal structures of hit compound 6A and fragment 6B, in silico fragment merging made 
compound 6C an interesting target compound (Figure 3.4.2).86  
 
Figure 3.4.2: A: Compound 6A (orange) and fragment 6B (green) in complex with PqsR. B: Overlay of 6A (orange), 6B (green) 
and hypothetical compound 6C (blue) C: Hypothetical compound 6C (blue) alone. 
In Scheme 3.4.2, two different retrosynthetic approaches of compounds such as 6C are shown. Starting 
with route A, based on a Buchwald-type or SNAr approach, arylbromine 6.7 is a building block which 
has already been described by Miller et al. and can be synthesized by hydrolysis of trichloromethyl 
benzimidazole 6.8.136 This can be easily prepared form commercially available 6.9. Route B, which 
follows an alkylation approach, gives amino precursor 6.10. Ring-opening leads to cyclization precursor 
6.11 which should be prepared from aniline derivative 6.12 via acylation. The aniline should be 
accessible by SNAr reaction with commercially available 6.13. 




Scheme 3.4.2: Retrosynthetic analysis of compound 6C. 
 
Due to the previously described synthesis of building block 6.7, route A was pursued first (Scheme 
3.4.3). Treatment of commercially available 5-bromo-3-(trifluoromethyl)benzene-1,2-diamine 6.9, 
with methyl 2,2,2-trichloroacetimidate in AcOH afforded intermediate 6.8 in quantitative yield. 
Subsequent hydrolysis gave the corresponding methyl ester 6.7. The free nitrogen was then 
Boc-protected in order to prevent interaction with catalysts (Scheme 3.4.3). 
Scheme 3.4.3: Synthesis of building block 6.14.a 
 
aReagents and conditions: a: 2,2,2-trichloroacetimidate, AcOH, rt, 2 h, > 98%; b: MeOH, Na2CO3, 28 h, 98%; c: Boc2O, NEt3, 
DMAP, DCM, rt, 21 h, > 98%. 
Aryl bromide 6.14 was then subjected to Pd-catalyzed coupling under various conditions. First, 
4-fluoro-benzylamine was used as a nucleophile since compound 6A proved to be active.86 The 
evaluated reaction conditions are summarized in Table 3.4.1. 




Table 3.4.1: Buchwald-Hartwig optimization studies towards 6.15. The reactions were carried out in a 0.1 M solution and 
were run for 24 h. 3.3 eq. of nucleophile, 2.2 eq. of base and 10 mol% of ligand and 5 mol% of catalyst were used.  
 
entry catalyst ligand base solvent T 
1 Pd2dba3 DavePhos Cs2CO3 1,4-dioxane 65 °C 
2 Pd2dba3 XantPhos Cs2CO3 1,4-dioxane 65 °C 
3 Pd2dba3 BINAP Cs2CO3 1,4-dioxane 65 °C 
4 Pd(OAc)2 BINAP Cs2CO3 1,4-dioxane 65 °C 
5 Pd(OAc)2 BINAP KOtBu 1,4-dioxane/toluene 65 °C 
6 Pd(OAc)2 XantPhos Cs2CO3 1,4-dioxane 80 °C 
7 Pd(OAc)2 PCy3 Cs2CO3 1,4-dioxane 80 °C 
8 CX 31 - Cs2CO3 1,4-dioxane 80 °C 
9 Pd(OAc)2 BINAP Cs2CO3 1,4-dioxane 80 °C 
 
None of these conditions led to any formation of the desired target compound. Therefore, other 
nucleophiles were investigated. The conditions are summarized in Table 3.4.2. The nucleophiles used 
were propargylamine, Boc-protected propargylamine, BocNH2 and CbzNH2. The first represents a very 










Table 3.4.2: Buchwald-Hartwig coupling conditions. 2.2 eq. of either propargylamine, Boc protected propargylamine, 
BocNH2 or CbzNH2 were used, 2.2 eq. of base, 5 mol% of catalyst and 10 mol% of ligand. Reactions were run for 24 h. 
 
entry catalyst ligand base solvent T 
1 [Pd(cinnamyl)Cl]2 BippyPhos Cs2CO3 1,4-dioxane 80 °C 
2 [Pd(cinnamyl)Cl]2 BippyPhos NaOtBu 1,4-dioxane 80 °C 
3 Pd2dba3 CataCXium A Cs2CO3 toluene 80 °C 
4 Pd(PPh3)4 XantPhos Cs2CO3 dioxane 80 °C 
5 tBuXPhos Pd G3 - NaOtBu 1,4-dioxane 80 °C 
6 Me3(OMe)tBuXPhos Pd G3 - NaOtBu 1,4-dioxane 80 °C 
7 Pd(OAc)2 PCy3 Cs2CO3 1,4-dioxane 80 °C 
8 Pd2dba3 PCy3 Cs2CO3 toluene 80 °C 
9 Pd2dba3 DavePhos Cs2CO3 1,4-dioxane 100 °C 
 
Even though the SNAr reaction of 6.13 with NH4OH or NH3 in 1,4-dioxane seemed to be straight 
forward, the introduction of the amine function proved to be rather difficult. Reaction conditions 
required optimization and are summarized in Table 3.4.3. When NH3 (0.5 M in 1,4-dioxane) was used 
with or without Cs2CO3 (entries 1, 2), no conversion at all was observed. With CuI and DMEDA as 
catalytic system (entry 3) only addition of the ligand occurred. Changing to the non-nuclophilic TMEDA 
(entry 4) as a ligand did not result in any formation of the product. Also treatment with Cu2O and 
1,10-phenanthroline did not yield the desired target compound. Applying Pd-catalyzed coupling 
methods, which were successful for the installation of a primary amine within this thesis were tested 
(entries 6 – 8), but also did not result in the formation of desired aniline 6.12. Only when NH4OH with 








Table 3.4.3: Reaction condition screening for conversion of 6.13 into 6.12. Reactions were run for 21 h in a 0.2 M solution. In 
case of entries 1-8, 4.4 eq. of nucleophile, 10 mol% of ligand, 5 mol% of catalyst or 10 mol% of precatalyst were used. In case 
of entry 9, 40 mol% of ligand, 20 mol% of catalyst were used and the reaction was carried out in a 0.1 M solution of 
DMSO/NH4OH (1:1). 
 
entry nucleophile catalyst ligand base solvent T yield 
1 NH3* - - - 1,4-dioxane 100 °C X 
2 NH3* - - Cs2CO3 1,4-dioxane 100 °C X 
3 NH3* CuI DMEDA K3PO4 1,4-dioxane 100 °C X 
4 NH3* CuI TMEDA K3PO4 1,4-dioxane 100 °C X 




- NaOtBu 1,4-dioxane 80 °C X 
7 BocNH2 Pd-175 - Cs2CO3 1,4-dioxane 80 °C X 
8 tBuNH2 Pd-175 - Cs2CO3 1,4-dioxane 50 °C X 
9 NH4OH Cu2O 1,10-phenanthroline - DMSO 80 °C 93% 
* = 0.5 M in 1,4-dioxane, X = no conversion to target mass 
Subsequent acylation of 6.12 with methyl 2-chloro-2-oxoacetate with DMAP and DIPEA in DCM 
afforded desired cyclization precursor 6.11 in quantitative yield (Scheme 3.4.4). The nitro group was 
reduced with Pd/C and H2 in EtOH and condensation of the in situ generated amine with the 
carboxamide resulted in formation of building block 6.10. Selective alkylation of the aniline nitrogen is 
very challenging and mixtures were expected. Nevertheless, various conditions using K2CO3 as a base 
in DMF at different temperatures failed to only propargylate the desired aniline nitrogen. Also 
changing the solvent from DMF to THF did not give the desired target compound. 
Scheme 3.4.4: Synthesis of 6.10 and attempted propargylation.a 
 
aReagents and conditions: a: methyl 2-chloro-2-oxoacetate, DMAP, DIPEA, 0 °C  rt, 30 min, > 98%; b: Pd/C, H2, EtOH, rt, 5 h, 
68%; c: K2CO3, propargyl bromide, DMF or THF, 16 h, rt or 50 °C. 




Another possible option was the introduction of an aryl moiety via reductive amination. In a 
comparable class of project compounds, the pyrimidine core proved to be a potent variation of the 
triazole core. Since the corresponding aldehyde 6D was available in large amounts, several attempts 
with this aldehyde were carried out (Scheme 3.4.5). 
Scheme 3.4.5: Attempts for reductive amination of 6.10. 
 
aReagents and conditions: a: Ti(OiPr)4, NaBH(OAc)3, HOAc, DCM, 0 °C   rt; b: 1.) PhMe, 100 °C; 2.) NaBH4, EtOH; c: 1.) EtOH, 
80 °C; 2.) NaBH4, MeOH, rt; d: 1.) EtOH, 4 Å MS, 80 °C; 2.) NaBH4, MeOH, rt; e: 1.) EtOH, 4 Å MS, 80 °C; 2.) NaBH4, MeOH, 0 
°C; f: 1.) EtOH, 4 Å MS, 80 °C; 2.) NaBH(OAc)3, MeOH, 0 °C; g: 1.) EtOH, 4 Å MS, 80 °C; 2.) NaBH(OAc)3, MeOH, rt. 
When the protocol with Ti(OiPr)4 and NaBH(OAc)3 with HOAc in DCM was used, which was applied by 
Sygnature Discoveries in course of this project, only decomposition  occurred. Trying to first generate 
the imine in toluene and reduce it in situ also led to decomposition, also when changing from toluene 
to EtOH. Using 4 Å mol sieves in EtOH at 80 °C, full conversion of the starting material was observed 
(TLC). Nevertheless, when the reduction with NaBH4 in MeOH was carried out at room temperature, 
only the corresponding primary alcohol derived from 6D was isolated and no product formation was 
detected (LC-MS). Carrying out the reduction step at 0 °C had no effect and only upon warming to 
room temperature again the alcohol derived from 6D was detected (LC-MS). Attepmts with the milder 
NaBH(OAc)3 in MeOH neither led to conversion to the desired target compound 6E, nor the alcohol 
derived from 6D. No optimization towards this step were undertaken by now. 
3.4.4. Merged Headgroup II 
Moreover, merging of the known PqsR inverse agonist M64 and 3.29 gave hypothetical compound 
6.23 with a sophisticated imidazopyridine (Figure 3.4.2). By now, no synthesis for this unprecedented 
trifluoromethyl-substituted imidazopyridine, bearing a carboxamide motif in 2-position of the 
imidazole ring, is known in literature. Therefore, the desired target compounds represents a very 
unique, synthetically challenging structure. The retrosynthetic analysis is depicted in Scheme 3.4.6. 
 





Figure 3.4.2: A: cocrystal structures of M64 (orange) and 3.29 (green) in complex with PqsR; B: cocrystal structures of M64 
(orange) and 3.29 (green) in complex with PqsR with putative molecule 6.23; C: putative molecule 6.23 alone with protein; D: 
structures of M64, 3.29 and 6.23. 
The initial retrosynthesis was based on the cyclisation approach from Chapter 3.4.3, revealing 
diamino-pyridine 6.24. This compound should be synthesized via amination and subsequent reduction 
from 6.25. Functional group interconversion reveals hydroxy-pyridine 6.26, which should be 
synthesized by CuAAC from precursor 6.27. Disconnection of the propargylamine unit leads to 
compound 6.28, which is already described in literature and can be synthesized from commercially 
available building blocks 6.29 and 6.30.137 




Scheme 3.4.6: Retrosynthetic analysis of 6.23. 
 
Based on a route by Adam et al., the reaction conditions were slightly adjusted.137 Pyridine-catalyzed 
acylation of ethyl (E/Z)-3-amino-4,4,4-trifluorobut-2-enoate 6.29 with ethyl 3-chloro-3-oxopropanoate 
6.30 led to intermediate 6.31, which was cyclized under basic conditions with KOtBu in EtOH to 6.32 
(Scheme 3.4.7). Subsequent decarboxylation afforded dihydroxy-pyridine 6.33 in 55% yield over three 
steps. Optimized nitration conditions with HNO3 (70%) in concentrated H2SO4 gave 6.34 in quantitative 
yield. Ph2POCl2 cleanly reacted with the 4-hydroxy group and building block 6.28 was isolated in 
excellent yield of 89%. The following amination to generate compound 6.27 worked best using 
2.2 equivalents of propargylamine and 1.1 equivalent of DIPEA, affording 6.27. Excess of 
propargylamine (3 – 10 equivalents) or increased amounts of DIPEA (1.1 – 5.5 equivalents) resulted in 
poorer yields. It is worth mentioning that formation of the triazole followed by chlorination gave better 
results, than first converting the hydroxyl-function into the corresponding chloride and then subjecting 
this intermediate to CuAAC. For the CuAAC, yields were quite low and the solvent was changed to a 
tBuOH/H2O mixture ultimately leading to intermediate 6.26 in 64% yield. The reason for this might be 
the pyridone-hydroxypyridine tautomerism, making the pyridone tautomer more favorable in water. 
Chlorination with Ph2POCl2 and subsequent microwave-aided amination of 6.35 with NH4OH and 
Cu2O/1,10-phenanthroline as catalytic system in 1,4-dioxane gave 6.36 in 72% over two steps. The 
following reduction of the nitro group required some optimization. Adam et al. used Fe/HOAc in the 




first place, which only gave various acylated byproducts. Even though Pt/C and H2 in THF gave excellent 
conversion to the desired target compound 6.24, the compound could not be isolated in sufficient 
amounts. 
Scheme 3.4.7: Synthesis of precursor 6.36 and hydrogenation attempt to 6.24.
 
aReagents and conditions: a: ethyl 3-chloro-3-oxopropanoate, pyridine, DCM, 0 °C then rt, 18 h; b: KOtBu, EtOH, 80 °C, 18 h; 
c: 6 M HCl, 100 °C, 23 h, 55% (3 steps); d: H2SO4 conc., HNO3 (70%), 16 h, > 98%; e: PhPOCl2, 100 °C, 5 h, 89%; f: propargylamine, 
DIPEA THF, rt, 18 h, 48%; g: 1-azido-4-phenoxybenzene, CuSO4∙5 H2O, Na ascorbate, DIPEA, tBuOH/H2O, rt, 21 h 64%; h: 
PhPOCl2, 80 °C, 5 h; i: Cu2O, NH4OH, 1,10-phenanthroline, dioxane, microwave 72% (2 steps); j: Fe/HOAc, EtOH, rt/80 °C, 
8 – 24 h or Pt/C, H2, THF, rt, 24 h. 
No investigation upon this issue was done since cyclization conditions from Scheme 3.4.4 seemed more 
promising. Starting with precursor 6.36, DMAP-catalyzed acylation of the primary amino function with 
ethyl 3-chloro-3-oxopropanoate and DIPEA in DCM gave cyclization precursor 6.39 in good yield of 80% 
(Scheme 3.4.8). Crucial for selective mono acylation was the slow addition of acylchloride 6.37 as a 
solution in DCM at 0 °C. Subsequent treatment with Pd/C in MeOH gave no conversion at all to the 
desired target compound 6.40, nor the cyclization precursor 6.39. Only when formic acid was added, 
conversion to cyclized 6.40 was observed after seven days, yet only below 5%. By now, no optimization 
towards the cyclization was step was performed. 




Scheme 3.4.8: Attempted synthesis of 6.41 via cyclization precursor 6.39.a 
 





















The first aim of this thesis was the establishment of a reliable synthetic route towards PqsR inverse 
agonists within lead generation, based on previously described compound 1A.86 Due to synthetic 
complexity, at first only compounds lacking the amino function in the pyridine head were generated. 
The corresponding precursor was synthesized in excellent yield and moreover, precursor 1.25 was 
prepared. These two precursor facilitated a highly divergent synthetic route towards different classes 
of PqsR inverse agonists for the generation of a lead compound (Scheme 4.1).  
Scheme 4.1: Divergent lead generation starting from commercially available 1.5. 
 
In each class, several sets of compounds were synthesized for SAR studies and evaluated for their 
biological activities regarding on-target activity in an E. coli-based reporter gene assay and their ability 
to inhibit pyocyanin production in P. aeruginosa, as well as DMPK parameters for selected compounds.  
Based on these parameters, 3.29 and 3.37 were further evaluated as promising lead compounds with 
respect to advanced biological profiling and safety pharmacology. Compound 3.29 proved to be 
superior in terms of activity and also exhibited a safer pharmacological profile. Moreover, 3.29 showed 
suitable in vivo PK and was also well-tolerated in mice. Therefore, it was chosen as the lead compound 
and was evaluated in in vivo target engagement studies in a murine lung infection model. 3.29 showed 
excellent reduction of proximal biomarkers HHQ, PQS and HQNO (Figure 4.1).  





Figure 4.1: Structure of 3.29, HHQ, PQS and HQNO levels of treated and untreated mice. 
After 3.29 showed successful in vivo target engagement, synthetically challenging analogue 4.1 was 
prepared in order to investigate the role of the amino function in the headgroup. The precursor 4.3 
was synthesized in six steps with an overall yield of 17%. Subsequent CuAAC led to compound 4.2, 
which served as a precursor for Buchwald-Hartwig amination. After a long optimization campaign, 
derivative 4.1 was obtained using Pd-175 (Scheme 4.2).118 Due to the lower activity of 4.1, compounds 
bearing the amino motif in the head were not further prioritized. 
Scheme 4.2: Synthesis of 4.1. 
aReagents and conditions: a:  tBuONO, TMSN3, 4-phenoxyaniline, MeCN, 0 °C, 1 h, then 4.17,  CuSO4∙5 H2O, Na ascorbate, 
DIPEA, rt, 16 h, 93%; b: BocNH2, Pd-175, Cs2CO3, 1,4-dioxane, 28 h, 90 °C, 39%. 
In order to further optimize lead compound 3.29, several modifications in the tail region were 
accomplished. A total of 21 derivatives were synthesized in this lead optimization step. The most 
beneficial modification was the introduction of a 2-fluoro substituent in the 4-phenoxy motif 
(compound 5.3) which drastically increased, solubility and metabolic stability (Figure 4.2). 





Figure 4.2: Tail modifications of 3.29. Improved parameters are highlighted in green. 
Also, the introduction of various N-heterocyclic moieties in the tail region were evaluated and the 
indazole-analogue 5.19 proved to be a promising modification. Nevertheless, installing the beneficial 
fluorine motif from 5.3 in 5.19, did not lead to improved activity or solubility of compound 5.25. 
Combination of the fluorine motif with a nitrogen-bridged tail group gave compound 5.26 with 
drastically improved solubility and improved activity compared to its parent compound. Changing the 
attachment of the fluoro-aniline moiety resulted in a potent and well soluble compound (5.32).  
In the next optimization step, the head group was modified with various N-heterocycles and also their 
precursors were evaluated. A highly non-additive SAR was observed, since derivatives with a short 
3-chloro-4-isopropoxy tail motif benefitted from the additional chlorine atom in the pyridine head.  
 
Figure 4.3: Head modification of 3.29 resulting in optimized lead 5.52. Improved parameter are highlighted in green. 




Nevertheless, this modification had little impact on the acitivity of compounds with a larger moiety, 
such as 4-phenoxy. However, the installation of a pyrazole led to improved activity, solubility and 
metabolic stability in compound 5.52 (Figure 4.3). 
Additionally, computer-aided drug design based on co-crystal structures of known inverse agonists or 
fragments in complex with PqsR resulted in challenging hypothetical compounds. During the course of 
this thesis, several synthetic routes were designed and evaluated (Scheme 4.3). Even though, the 
desired target compounds could not be synthesized, the synthetic efforts provide an informative basis 
for further optimization, since advanced precursors have been synthesized on scalable and reliable 
routes. 
Scheme 4.3: Synthesis of building blocks 6.10 as a precursor for 6A and 6.39 as a precursor for 6.23. 
 
In total, more than 100 target compounds were synthesized, enabling deep SAR and SPR insights. Due 
to the high-flexibility of the ligand binding domain of PqsR, confirmed by co-crystal structures of 
several inverse agonists in complex with PqsR, a non-additive SAR was observed. A lead compound 
was generated, which showed in vivo efficacy in a murine lung infection model. Based on this 
compound, a lead optimization campaign resulted in multiparameter-optimized lead structures with 
improved activity in terms of pyocyanin inhibition, solubility and metabolic stability. Ultimately, some 
of the herein described compounds contribute to three patents.138–140 
Even though, significant improvements were achieved in the triazole class, at the end of the medicinal 
chemistry campaign another class proved to be more suitable. These “Class E” compounds exhibited 
better activity, a more beneficial PK profile and less CEREP off-targets. Nevertheless, the triazole 
compounds remain an important follow-up class. 





Considering lead optimization, combinations of promising fluoro-aniline motifs with N-heterocyclic 
headgroups (8A – 8C), such as pyrazole containing trifluoromethyl pyridines still need to be evaluated 
(Figure 5.1 A). In addition to this, adding a second fluorine in the core structure could increase activity 
as has been demonstrated for isopropoxy derivative 5.95 (chapter 5.3). Moreover, the beneficial 
properties of the oxadiazole linker regarding solubility and metabolic stability could be exploited by 
installing a different tail group, or adding further substituents in the head (Figure 5.1 B). 
 
Figure 5.1: A: possible modifications of 5.27; B: possible modifications of 5.72; C: in silico-designed compounds 8F and 6.23. 
The in silico designed compounds 8F and 6.23 should be synthesized upon optimization of the herein 
established route towards their precursor. Depending on their activity, combinations of favorable tail 
modifications should be synthesized and evaluated. 
To this end, compounds of the aforementioned “Class E” have been nominated as preclinical candidate 
which should be co-administered with a standard-of-care antibiotic, such as tobramycin. A possible 
formulation could consist of squalene-based nanocarriers, which is also suitable for co-administration 
of the standard-of-care antibiotic tobramycin.141 Moreover, the co-administration of a PqsR inverse 




agonist with another antibiotic of the aminoglycosides, such as gentamycin is conceivable. In addition 
to this, also novel therapeutics could be combined with a pathoblocker, such as the outer membrane 
protein targeting antibiotic (OMPTA) POL7306 from Polyphor which is in preclinical trials at the 
moment.142 Another possible and attractive combination would be the co-administration of a PqsR 
inverse agonist with another pathoblocker, such as compounds targeting LasB or LecB.143–145 
Even though, compounds of “Class E” have preclinical candidate status, preclinical development poses 
a tough challenge. The successful preclinical candidate has to be synthesized in large quantities in GMP 
quality and moreover development of a suitable formulation might be a further obstacle to tackle. 
Moreover, further toxicology studies are needed to prove the preclinical candidate safe.  In addition, 
in vivo efficacy of “Class E” compounds needs to be verified, as well as a preclinical proof of concept. 
Taken all together, the journey towards a new compound to enter clinical trials is far from over and 



















6. Experimental Section 
6.1. General Information 
Solvents and chemicals were used from Zentrales Chemikalienlager der Universität des Saarlandes or 
specified vendors (Carbolution, Acros Organics, Sigma Aldrich, Fluorochem, TCI, abcr, Alfa Aesar, VWR). 
For thin-layer chromatography, Merck Silica 60 F254 plates were used. Visualization was accomplished 
with UV-light ( = 254 nm) and KMnO4. 
For automated flash chromatography, either a Teledyne ISCO CombiFlash Rf+ 150 or a Teledyne ISCO 
CombiFlash NEXTGEN 300+ equipped with RediSepRf silica columns were used. 
NMR spectra were recorded on either a Bruker 300 MHz or a Bruker UltraShield Plus 500 MHz device. 
Chemical shifts (δ) were given in parts per million (ppm) and referenced against the residual solvent 
peak. Coupling constants (J) were given in Hertz (Hz). Multiplicities were described using the 
abbreviations s (singlet), bs (broad singlet), d (doublet), dd (doublet of a doublet), ddd (doublet of a 
doublet of a doublet), t (triplet), dt (doublet of a triplet), q (quartet), hept (heptet) and m (multiplet). 
Liquid chromatography-mass spectrometry (LC-MS) spectra were measured on a Thermo Scientific 
DIONEX UltiMate3000 consisting of a diode array detector, column compartment, autosampler and 
pump. 
High resolution mass (HRMS) was determined by LC-MS/MS using Thermo Scientific Q Exactive Focus 
Orbitrap LC-MS/MS system. 
Microwave-assisted syntheses were carried out in a CEM Discover Explorer Hybrid 12 microwave 
synthesis system. 
For pictures of cocrystal structures MOE2019.0102 was used. 
6.2. Syntheses 
General Procedure 1: Phenol alkylation 
To a suspension of the phenol derivative (1.0 eq.) and K2CO3 (3.0 eq.) in DMF (1 mL/mmol) was added 
the corresponding alkylation agent (1.0 eq.). The reaction mixture was stirred at the temperature as 
stated until full conversion (TLC). After cooling to r.t. the reaction mixture was quenched with 
saturated NH4Cl solution and extracted with EtOAc. The combined organic layers were washed with 
saturated LiCl solution and dried over Na2SO4, filtrated and evaporated under reduced pressure. The 
crude product was used without further purification. 




General Procedure 2: Sonogashira coupling 
To a solution of N-(prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 1.25 (1.0 eq.) in dry DMF 
(5 mL/mmol) was added DIPEA (2.1 eq.) and the corresponding aryl iodide (1.0 eq.). The reaction 
mixture was purged with argon three times and Pd(PPh3)4 (5 mol%) and CuI (5 mol%). After stirring for 
18 h at 80 °C, the reaction mixture was quenched with saturated NH4Cl solution and extracted with 
EtOAc. The combined organic layers were washed with saturated LiCl solution and dried over Na2SO4, 
filtrated and evaporated under reduced pressure. The crude product was purified via automated flash 
chromatography. 
General Procedure 3: Hydrogenation 
The corresponding alkyne (1.0 eq.) was dissolved in methanol (5 mL/mmol). The solution was purged 
with argon for 10 minutes and the hydrogenation catalyst (5 mol%) was added. The reaction mixture 
was purged with argon for 10 minutes and H2 was bubbled through the solution for 10 minutes. The 
reaction mixture was stirred at room temperature under an atmosphere of H2 for 18 h. After full 
conversion (LCMS) the mixture was filtered over silica gel and the solvent was evaporated under 
reduced pressure. The crude product was purified via automated flash chromatography. 
General Procedure 4: Diazotation/CuAAC 
To a solution of the corresponding aniline (0.100 mmol) in MeCN (10 mL/mmol) was added tert-butyl 
nitrite (0.110 mmol, 12.6 mg, 14.5 µL) at 0 °C. After stirring for 5 minutes trimethylsilylazide (0.110 
mmol, 13.3 mg, 15.2 µL) was slowly added. The mixture was stirred for 2 h and N-(prop-2-yn-1-yl)-2-
(trifluoromethyl)pyridine-4-amine 1.25 (0.120 mmol, 24.0 mg) was added  at r.t. in one portion. After 
addition of DIPEA (0.120 mmol, 15.5 mg, 20.9 µL), the reaction mixture was purged with argon and 
CuSO4∙5 H2O (2.5 mg, 10 mol%) and Na-ascorbate (3.9 mg, 20 mol%) were added. The mixture was 
again purged with argon and stirred at room temperature. After LCMS analysis indicated full 
conversion, saturated NH4Cl solution was added to the reaction mixture and stirred for 5 minutes. 
Then EtOAc and saturated EDTA solution were added and the mixture was stirred for 15 minutes until 
the aqueous phase showed a clear blue color. The phases were separated and the aqueous phase was 
extracted with EtOAc three times. The combined organic layers were dried over MgSO4, filtered and 
concentrated in vacuo. The crude product was purified via automated flash chromatography. 
General Procedure 5: SNAr using alcohols as nucleophiles 
The corresponding alcohol (1.0 eq.) was dissolved in DMF (3 mL/mmol) and Cs2CO3 (3.0 eq.) was added 
in one portion. The reaction mixture was stirred at r.t. for 10 minutes and the corresponding 
nitrobenzene (1.0 eq.) was added in one portion. The reaction mixture was stirred at 80 °C for 16 h, 




allowed to cool to r.t. and extracted three times with EtOAc. The combined organic layers were washed 
with saturated LiCl solution, dried over MgSO4, and concentrated in vacuo. The crude product was used 
in the next step without further purification. 
General Procedure 6: SNAr using N–heterocycles as nucleophiles 
The corresponding N–heterocycle (1.0 eq.) and 1-chloro-4-nitrobenzene (1.0 eq.) were dissolved in 
DMF (2 mL/mmol) and Cs2CO3 (3.0 eq.) was added. The mixture was stirred in a pre-heated oilbath at 
80 °C until LCMS analysis showed full conversion. The mixture was allowed do cool to room 
temperature and H2O was added. The mixture was stirred for 10 minutes and then extracted three 
times with EtOAc. The combined organic layers were washed with saturated LiCl solution, dried over 
Na2SO4, filtered and concentrated in vacuo. The crude product was used in the next step without 
further purification. 
General Procedure 7: Reduction of nitrobenzenes 
The corresponding nitro arene (1.0 eq.) was dissolved in MeOH (5 mL/mmol) and the solution was 
purged with argon for 10 minutes. Pt/C (5 mol%) was added and the reaction mixture was again purged 
with argon for 10 minutes. Subsequently H2 was bubbled through the solution for 15 minutes and the 
reaction mixture was stirred under an H2 atmosphere until the starting material was fully consumed 
(LCMS). The mixture was filtered over silica gel, washed with EtOAc and concentrated in vacuo. The 
crude product was used in the next step without further purification. 
General Procedure 8: Buchwald-Hartwig coupling of fluoro-1H-indazoles 
N-((1-(4-bromophenyl)-1H-1,2,3-triazol-4-yl)methyl)-2-(trifluoromethyl)pyridin-4-amine (1.0 eq.) and 
the corresponding fluoro-1H-indazole (1.0 eq.) were dissolved in 1,4-dioxane (10 mL/mmol). Then, 
Cs2CO3 (1.1 eq.) was added and the reaction mixture was purged with argon for 10 minutes. Pd-175 
(5 mol%) was added and the solution was purged again with argon for 15 minutes. The reaction 
mixture was then stirred for 24 h in a pre-heated oil bath at 90 °C. After cooling to room temperature 
H2O was added, followed by extraction with EtOAc. The combined organic layers were dried over 
Na2SO4 and the solvent was removed under reduced pressure. The crude product was purified via 
automated flash chromatography (PE/EtOAc). 
Di-tert-butyl (2-(trifluoromethyl)pyridin-4-yl)carbamate 1.7 
 




To a solution of 2-trifluoromethyl-4-aminopyridine (3.24 g, 20.0 mmol) in DCM (60 mL) were added 
Boc2O (9.82 g, 45.0 mmol), DIPEA (7.66 mL, 44.0 mmol) and DMAP (806 mg, 6.60 mmol). The reaction 
mixture was stirred for 18 h at r.t. and saturated NH4Cl solution was added followed by extraction with 
EtOAc. The combined organic layers were washed with Brine, dried over Na2SO4, filtrated and 
evaporated under reduced pressure. The crude product was obtained as white crystals (7.14 g, 
19.7 mmol, > 98%) and used in the next step without further purification. 
TLC: Rf = 0.68 (PE/EtOAc 9:1) 
LC-MS: m/z: 363 (M+H)+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.72 (d, J = 5.4 Hz, 1 H), 7.52 (d, J = 1.7 Hz, 1 H), 7.31 (dd, J = 5.3 
Hz, J = 1.8 Hz, 1 H), 1.47 (s, 18 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 150.8, 150.3, 148.1, 124.2, 122.5, 119.0, 118.1, 84.53, 27.78. 
Tert-butyl (2-(trifluoromethyl)pyridin-4-yl)carbamate 1.8 
 
Di-tert-butyl (2-(trifluoromethyl)pyridin-4-yl)carbamate 1.7 (2.17 g, 6.00 mmol) was dissolved in 
DCM/TFA 9:1 (12 mL) and stirred for 16 h at r.t. until the starting material was fully consumed (TLC 
control). Saturated Na2CO3 solution was added followed by extraction with DCM. The combined 
organic layers were dried over Na2SO4 filtrated and concentrated in vacuo. The desired compound 
(1.55 g, 5.91 mmol, > 98%) was used without further purification. 
TLC: Rf = 0.43 (PE/EtOAc 8:2) 
LC-MS: m/z: 207 (M-tBu+H)+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.53 (d, J = 5.6 Hz, 1 H), 7.78 (d, J = 2.0 Hz, 1 H), 7.44 (dd, J = 5.5 
Hz, J = 2.1 Hz, 1 H), 6.92 (bs, 1 H), 1.53 (s, 9 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 151.4, 150.8, 146.9, 133.2), 114.2, 109.3, 109.2, 82.48, 28.16. 
Tert-butyl allyl(2-(trifluoromethyl)pyridin-4-yl)carbamate 1.9 
 




A solution of tert-butyl(2-(trifluoromethyl)pyridin-4-yl)carbamate 1.8 (1.49 g, 5.70 mmol) was cooled 
to 0 °C and NaH (60 wt%) (273 mg, 6.83 mmol) were added portionwise under vigorous stirring. After 
1 h the reaction mixture was warmed to r.t. and allylbromide (0.62 mL, 7.40 mmol) was added 
dropwise and stirred for 3 h at r.t. Addition of saturated NH4Cl solution and extraction with Et2O 
followed by washing the combined organic layers with saturated LiCl solution yielded the crude 
product after drying over Na2SO4, filtration and concentration in vacuo, which was purified by 
automated flash chromatography (PE/EtOAc). The title compound (1.65 g, 5.47 mmol, 96%) was 
isolated as a white solid. 
LC-MS: m/z: 247 (M-tBu+H)+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.62 (d, J = 5.6, 1 H), 7.84 (d, J = 2.1 Hz, 1 H), 7.54 (dd, J = 5.5 Hz, 
J = 2.2 Hz, 1 H), 5.90 – 5.87 (m, 1 H), 5.28 – 5.25 (m, 1 H), 5.23 – 5.21 (m, 1 H), 5.03 (bs, 1 H), 4.58 – 4.57 
(m, 2 H). 
Tert-butyl (E)-(3-(4-chlorophenyl)allyl)(2-(trifluoromethyl)pyridin-4-yl)carbamate 1.11 
 
Tert-butyl allyl(2-(trifluoromethyl)pyridin-4-yl)carbamate 1.9 (52.9 mg, 0.175 mmol), and 1-chloro-4-
iodobenzene (41.7 mg, 0.175 mmol) were dissolved in THF and 1 M NaOH (0.52 mL, 0.525 mmol) was 
added. The reaction mixture was purged with argon for 15 minutes and PdCl2(dppf) (6.4 mg, 5 mol%) 
was added. The solution was purged with argon for 10 more minutes and then stirred for 18 h at 70 °C. 
The reaction mixture was allowed to cool to room temperature, 1 M HCl was added and extracted with 
EtOAc. The combined organic layers were dried over MgSO4, filtered and the solvent was removed 
under reduced pressure. Automated flash chromatography (PE/EtOAc) afforded the title compound as 
a white solid (50.0 mg, 0.121 mmol, 69%). 
LC-MS: m/z: 356 (M-tBu+H)+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.60 (d, J = 5.5 Hz, 1 H), 7.81 (d, J = 2.1 Hz, 1 H), 7.44 
(dd, J = 5.5 Hz, J = 2.1 Hz, 1 H), 7.32 – 7.28 (m, 4 H), 6.48 (dd, J = 16.0 Hz, J = 1.5 Hz, 1 H), 6.26 
(dt, J = 16.0 Hz, J = 5.4 Hz, 1 H), 4.52 (dd, J = 5.4 Hz, J = 1.5 Hz, 1 H), 1.54 (s, 9 H). 
 (E)-N-(3-(4-chlorophenyl)allyl)-2-(trifluoromethyl)pyridin-4-amine 1.12 





Tert-butyl (E)-(3-(4-chlorophenyl)allyl)(2-(trifluoromethyl)pyridin-4-yl)carbamate 1.11 (48.0 mg, 
153 mmol) were dissolved in DCM (2 mL) and TFA (2 mL) was added. The reaction mixture was stirred 
for 24 h at r.t. and saturated NaHCO3 solution was added carefully. The phases were separated and 
the aqueous phase was extracted twice with DCM. The combined organic layers were dried over 
Na2SO4 and the solvent was removed under reduced pressure. Automated flash chromatography 
(PE/EtOAc) afforded the title compound as a yellow solid (47.4 mg, 0.152 mmol, > 98%). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.25 (d, J = 6.0 Hz, 1 H), 7.24-7.30 (m, 4 H), 6.94 (d, J = 2.3 Hz, 
1 H), 6.66 (dd, J = 5.9 Hz, J = 2.3 Hz, 1 H), 6.55 (d, J = 15.9 Hz, 1 H), 6.19 (dt, J = 15.9 Hz, J = 5.6 Hz, 1 H), 
5.94 (bs, 1 H, NH), 4.03 (d, J = 5.5 Hz, 2 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 155.1, 148.2, 134.5, 133.7, 131.7, 128.8, 127.6, 124.4, 108.9, 
44.77. 
HRMS (ESI): C15H13ClF3N2+ (M+H)+ calculated: 313.07139 found: 313.07065 
N-(3-phenylpropyl)-2-(trifluoromethyl)pyridin-4-amine 1.13 
 
N-(3-(4-chlorophenyl)prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 1.27 (10.2 mg, 0.033 mmol) 
was dissolved in MeOH (0.66 mL) and the reaction mixture was purged with argon. Then, Pd black 
(0.4 mg, 10 mol%) was added and the reaction mixture was purged again with argon. After stirring for 
10 minutes, H2 was bubbled through the solution and the mixture was stirred for 2 h under an 
atmosphere of H2. The mixture was then filtered over SiO2 and washed with EtOAc. The title compound 
was obtained as a colorless solid (9.1 mg, 0.033 mmol, > 98%). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.26 (d, J = 5.7 Hz, 1 H), 7.35 – 7.29 (m, 2 H), 7.26 – 7.19 (m, 3 H), 
6.74 (d, J = 2.4 Hz, 1 H), 6.48 (dd, J = 5.7 Hz, J = 2.4 Hz, 1 H), 4.40 (bs, 1 H), 3.23 (dd, J = 13.5 Hz, J = 
6.9 Hz, 2 H), 2.75 (dd, J = 7.5 Hz, 2 H), 2.06 – 1.95 (m, 2 H). 
13C-NMR (75 MHz, CDCl3): δ [ppm] = 154.1, 150.1, 148.9, 140.8, 128.8, 128.6, 128.3, 126.3, 123.6, 
108.9, 104.2, 42.13, 33.11, 30.27, 29.69. 
HRMS (ESI): C15H16F3N2+ (M+H)+ calculated: 281.12601 found: 281.12531 






N-(3-(4-chlorophenyl)prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 1.27 (10.3 mg, 0.033 mmol) 
was dissolved in MeOH (0.66 mL) and the reaction mixture was purged with argon. The mixture was 
cooled to 0 °C and Pd black (0.4 mg, 10 mol%) was added and the reaction mixture was purged again 
with argon. After stirring for 10 minutes, H2 was bubbled through the solution and the mixture was 
stirred for 10 min under an atmosphere of H2. The mixture was then purified via automated flash 
chromatography (PE/EtOAc). The title compound was obtained as a colorless solid (9.3 mg, 
0.033 mmol, > 98%). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.27 (d, J = 5.7 Hz, 1 H), 7.31 – 7.28 (m, 2 H), 7.14 – 7.11 (m, 2 H), 
6.75 – 6.74 (m, 1 H), 6.50 – 6.48 (m, 1 H), 4.41 (bs, 1 H), 3.25 – 3.18 (m, 2 H), 2.74 – 2.69 (m, 2 H), 
2.01 – 1.92 (m, 2 H). 
13C-NMR (75 MHz, CDCl3): δ [ppm] = 154.5, 150.6, 149.1, 139.6, 132.5, 130.1, 129.2, 123.9, 120.4, 
109.3, 104.7, 42.41, 32.84, 30.70. 
HRMS (ESI): C15H15ClF3N2+ (M+H)+ calculated: 315.08704 found: 315.08674 
Tert-butyl (E)-(3-(4-phenoxyphenyl)allyl)(2-(trifluoromethyl)pyridin-4-yl)carbamate 1.16  
 
4-Phenoxyaniline (300 mg, 1.62 mmol) was dissolved in Et2O (2 mL) and cooled to 0 °C. HB4∙H2O 
(1.02 mL, 5.18 mmol) was then added slowly, followed by NaNO2 (112 mg, 1.62 mmol) in H2O (1 mL). 
The mixture was stirred for 1 h, filtered and washed with cold EtOH and Et2O. The filter residue was 
dissolved in acetone and 4-phenoxybenzenediazonium tetrafluoro borate was precipitated and 
filtrated to yield a purple solid (250 mg, 0.880 mmol, 70%).  
Tert-butyl allyl(2-(trifluoromethyl)pyridin-4-yl)carbamate 1.9 (91.0 mg, 0.300 mmol), NaOAc (61.0 mg, 
0.750 mmol) and Pd2dba3 (9 mg, 4 mol%) were suspended in PhCN (1 mL). 
4-phenoxybenzenediazonium tetrafluoro borate (71.0 mg, 0.250 mmol) was added the reaction 
mixture was stirred open-flask for 2 h at room temperature. The mixture was filtered and the solvent 




was removed in vacuo. The crude product was purififed using automated flash chromatography 
(PE/EtOAc) and afforded the title compound as a brownish solid (41.1 mg, 0.088 mmol, 35%). 
LC-MS: m/z: 414 (M-tBu+H)+ 
Tert-butyl (E)-(3-(6-chloropyridin-2-yl)allyl)(2-(trifluoromethyl)pyridin-4-yl)carbamate 1.17 
 
Tert-butyl allyl(2-(trifluoromethyl)pyridin-4-yl)carbamate 1.9 (52.9 mg, 0.175 mmol) and 1-chloro-4-
iodobenzene (41.79mg, 0.175 mmol) were dissolved in THF and 1 M NaOH (0.52 mL, 0.525 mmol) was 
added. The reaction mixture was purged with argon for 15 minutes and PdCl2(dppf) (6.4 mg, 5 mol%) 
was added. The solution was purged with argon for 10 more minutes and then stirred for 18 h at 70 °C. 
The reaction mixture was allowed to cool to room temperature, 1 M HCl was added and extracted with 
EtOAc. The combined organic layers were dried over MgSO4, filtered and the solvent was removed 
under reduced pressure. Automated flash chromatography (PE/EtOAc) afforded the title compound as 
a colorless solid (18.8 mg, 0.046 mmol, 26%). 
LC-MS: m/z: 357 (M-tBu+H)+ 
(E)-N-(3-(4-phenoxyphenyl)allyl)-2-(trifluoromethyl)pyridin-4-amine 1.18 
 
Tert-butyl (E)-(3-(4-phenoxyphenyl)allyl)(2-(trifluoromethyl)pyridin-4-yl)carbamate 1.16  (28.0 mg, 
0.060 mmol) was dissolved in DCM (2 mL) and TFA (2 mL) was added. The reaction mixture was stirred 
at room temperature for 24 h. After slow addition of saturated Na2CO3 solution the reaction mixture 
was extracted with EtOAc and the combined organic layers were dried over MgSO4. The crude product 
was purified via automated flash chromatography (PE/EtOAc) and afforded the title compound as a 
colorless solid (21.8 mg, 0.059 mmol, > 98%). 
HRMS (ESI): C21H18F3N2O+ (M+H)+ calculated: 371.13657 found: 371.13593 
(E)-N-(3-(6-chloropyridin-2-yl)allyl)-2-(trifluoromethyl)pyridin-4-amine 1.19 





Tert-butyl (E)-(3-(6-chloropyridin-2-yl)allyl)(2-(trifluoromethyl)pyridin-4-yl)carbamate 1.17 (18.8 mg, 
0.046 mmol) was dissolved in DCM (2 mL) and TFA (2 mL) was added. The reaction mixture was stirred 
at room temperature for 24 h. After slow addition of saturated Na2CO3 solution the reaction mixture 
was extracted with EtOAc and the combined organic layers were dried over MgSO4. The crude product 
was purified via automated flash chromatography (PE/EtOAc) and afforded the title compound as a 
colorless solid (14.1 mg, 0.045 mmol, > 98%). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.33 (d, J = 2.2 Hz, 1 H), 8.26 (d, J = 6.5 Hz, 1 H), 7.67 (dd, 
J = 8.3 Hz, J = 2.4 Hz), 7.31 (d, J = 8.4 Hz, 1 H), 7.13 (d, J = 1.8 Hz, 1 H), 6.82 (dd, J = 6.5 Hz, J = 1.8 Hz, 
1 H), 5.68 (d, J = 15.9 Hz, 1 H), 6.29 (dt, J = 16.0 Hz, J = 5.4 Hz, 1 H), 4.15 (d, J = 5.0 Hz, 2 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 157.1, 147.8, 130.4, 128.3, 125.9, 124.5, 124.3, 120.4, 101.4, 
57.82. 
HRMS (ESI): C14H12ClF3N3+ (M+H)+ calculated: 314.06664 found: 314.06604 
1-Ethoxy-4-iodobenzene 1.20a 
 
The compound was prepared according to GP1. 4-Iodophenol (550 mg, 2.50 mmol) and ethyl iodide 
(0.22 mL, 429 mg, 2.75 mmol) were used. The reaction was stirred at 70 °C. The crude product was 
obtained as a colorless oil (620 mg, 2.50 mmol, > 98%). 
TLC: Rf = 0.75 (PE/EtOAc 8:2) 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 7.53 (d, J = 8.9 Hz, 2 H), 6.66 (d, J = 8.8 Hz, 2 H), 3.98 (q, J = 8.7 
Hz, 2 H), 1.39 (t, J = 7.0 Hz, 3 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 158.9, 138.3, 117.0, 82.57, 67.67, 14.82. 
1-Iodo-4-isopropoxybenzene 1.20b 
 




The compound was prepared according to GP1. 4-Iodophenol (550 mg, 2.50 mmol) and isopropyl 
bromide (0.24 mL, 310 mg, 2.50 mmol) were used. The reaction was stirred at 70 °C. The crude product 
was obtained as a colorless oil (397 mg, 1.51 mmol, 61%).   
TLC: Rf = 0.77 (PE/EtOAc 8:2) 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 7.53 (d, J = 8.3 Hz, 2 H), 6.66 (d, J = 8.3 Hz, 2 H), 4.49 (sept, J = 6.1 
Hz, 1 H), 1.33 (dd, J = 6.1 Hz, J = 0.7 Hz, 6 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 157.9, 138.4, 118.4, 82.51, 70.25, 22.06. 
2-Fluoro-4-iodo-1-methoxybenzene 1.21a 
 
The compound was prepared according to GP1. 2-Fluoro-4-iodophenol (238 mg, 1.00 mmol) and 
methyl iodide (0.10 mL, 14.2 mg, 1.00 mmol) were used. The reaction was stirred at 40 °C. The crude 
product was obtained as a colorless oil (248 mg, 0.987 mmol, > 98%). 
TLC: Rf = 0.74 (PE/EtOAc 8:2) 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 7.41 – 7.39 (m, 1 H), 7.36 (s, 1 H), 6.78 – 6.69 (m, 1 H), 3.87 (s, 
1 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 152.6, 148.2, 133.6, 125.3, 115.5, 81.14, 56.51. 
1-Ethoxy-2-fluoro-4-iodobenzene 1.21b 
 
The compound was prepared according to GP1. 2-Fluoro-4-iodophenol (160 mg, 0.670 mmol) and ethyl 
iodide (0.05 mL, 105 mg, 0.670 mmol) were used. The reaction was stirred at 70 °C. The crude product 
was obtained as a red oil (111 mg, 0.420 mmol, 63%). 
TLC: Rf = 0.74 (PE/EtOAc 8:2) 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 7.38 (dd, J = 8.3 Hz, J = 2.1 Hz, 1 H), 7.34 (dd, J = 2.1 Hz, 1.4 Hz, 
1  H), 6.73-6.67 (m, 1 H), 4.08 (q, J = 3.0 Hz, 2 H), 1.44 (t, J = 2.0 Hz, 3 H).  
13C-NMR (76 MHz, CDCl3): δ [ppm] = 153.5, 147.1, 133.2, 125.1, 116.4, 80.86, 64.94, 14.65. 
2-Fluoro-4-iodo-1-isopropoxybenzene 1.21c 





The compound was prepared according to GP1. 2-Fluoro-4-iodophenol (95.2 mg, 0.40 mmol) and 
isopropyl bromide (0.04 mL, 50.0 mg, 0.40 mmol) were used. The reaction was stirred at 60 °C. The 
crude product was obtained as a red oil (65.6 mg, 0.23 mmol, 58%). 
TLC: Rf = 0.75 (PE/EtOAc 8:2) 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 7.40 – 7.35 (m, 1 H), 7.33 (dd, J = 2.0 Hz, J = 1.4 Hz, 1 H), 
6.75 – 6.69 (m, 1 H), 4.50 (sept, J = 6.0 Hz, 1 H), 1.34 (d, J = 6.1 Hz). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 154.9, 145.6, 132.8, 125.2, 118.9, 81.11, 72.16, 21.53. 
2-Chloro-4-iodo-1-methoxybenzene 1.22a 
 
The compound was prepared according to GP1. 2-Chloro-4-iodophenol (127 mg, 0.500 mmol) and 
methyl iodide (0.05 mL, 7.1 mg, 0.500 mmol) were used. The reaction was stirred at 40 °C. The crude 
product was obtained as a colorless oil (133 mg, 0.497 mmol, > 98%). 
TLC: Rf = 0.76 (PE/EtOAc 8:2) 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 7.67 (d, J = 2.1 Hz, 1 H), 7.52  (dd, J = 8.7 Hz, J = 2.2 Hz, 1 H), 
6.68 (d, J = 8.8 Hz, 1 H), 3.89 (s, 3 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 155.1, 138.2, 136.6, 123.8, 113.9, 81.92, 56.23. 
2-Chloro-1-ethoxy-4-iodobenzene 1.22b 
 
The compound was prepared according to GP1. 2-Chloro-4-iodophenol (100 mg, 0.400 mmol) and 
ethyl iodide (0.03 mL, 62.4 mg, 0.400 mmol) were used. The reaction was stirred at 70 °C. The crude 
product was obtained as a colorless oil (124 mg, 0.44 mmol, > 98%). 
TLC: Rf  = 0.76 (PE/EtOAc 8:2) 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 7.65 (d, J = 2.1 Hz, 1 H), 7.48 (dd, J = 8.7 Hz, J = 2.1 Hz,  1 H), 6.66 
(d, J = 8.7 Hz, 1 H), 4.08 (q, J = 7.0 Hz, 2 H), 1.46 (t, J = 7.0 Hz, 3 H). 




13C-NMR (76 MHz, CDCl3): δ [ppm] = 154.7, 138.4, 136.6, 124.4, 115.3, 81.85, 65.01, 14.74. 
2-Chloro-4-iodo-1-isopropoxybenzene 1.22c 
 
The compound was prepared according to GP1. 2-Chloro-4-iodophenol (70 mg, 0.28 mmo) and 
isopropyl bromide (0.03 mL, 34.4 mg, 0.28 mmol) were used. The reaction was stirred at 60 °C. The 
crude product was obtained as a yellow oil (51.2 mg, 0.17 mmol, 61%). 
TLC: Rf = 0.75 (PE/EtOAc 8:2) 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 7.65 (d, J = 2.1 Hz, 1 H), 7.46 (dd, J = 8.6 Hz, J = 2.2 Hz, 1 H), 6.69 
(d, J = 8.7 Hz, 1 H), 4.51 (sept, J = 6.1 Hz, 1 H), 1.36 (d, J = 6.1 Hz, 6 H).13C-NMR (76 MHz, CDCl3): δ [ppm] 
= 153.7, 138.4, 136.4, 125.5, 117.5, 82.00, 72.26, 21.90. 
4-iodo-1-methoxy-2-methylbenzene 1.23a 
 
The compound was prepared according to GP1. 4-Iodo-1-methoxy-2-methylbenzene (117 mg, 0.500 
mmol) and methyl iodide (0.05 mL, 7.1 mg, 0.500 mmol) were used. The reaction was stirred at 40 °C. 
The crude product was obtained as a colorless oil (124 mg, 0.498 mmol, > 98%). 
TLC: Rf = 0.76 (PE/EtOAc 8:2) 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 7.45 – 7.43 (m, 2 H), 6.58 (d, J = 8.4 Hz, 1 H), 3.80 (s, 1 H), 2.17 (s, 
3 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 157.8, 139.2, 135.6, 129.6, 112.3, 82.61, 55.54, 16.03. 
Tert-butyl prop-2-yn-1-yl(2-(trifluoromethyl)pyridin-4-yl)carbamate 1.24 
 
A solution of tert-butyl(2-(trifluoromethyl)pyridin-4-yl)carbamate 1.8 (1.49 g, 5.70 mmol) was cooled 
to 0 °C and NaH (60 wt%) (273 mg, 6.83 mmol) were added portionwise under vigorous stirring. After 
1 h the reaction mixture was warmed to r.t. and propargylbromide (0.56 mL, 7.40 mmol) was added 
dropwise and stirred for 3 h at r.t. Addition of saturated NH4Cl solution and extraction with Et2O 




followed by washing the combined organic layers with saturated LiCl solution yielded the crude 
product after drying over Na2SO4, filtration and concentration in vacuo, which was purified by 
automate column chromatography (PE/EtOAc). The title compound (1.64 g, 5.47 mmol, 96%) was 
isolated as a yellow solid. 
TLC: Rf = 0.55 (PE/EtOAc 8:2) 
LC-MS: m/z: 245 (M-tBu +H)+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.63 (d, J = 5.5, 1 H), 7.85 (d, J = 2.0 Hz, 1 H), 7.55 (dd, J = 5.5 Hz, 
J = 2.1 Hz, 1 H), 4.48 (d, J = 2.3 Hz, 2 H), 2.25 (t, J = 2.4 Hz, 1 H). 
13C-NMR (75 MHz, CDCl3): δ [ppm] = 151.8, 150.2, 150.1, 118.8, 114.5, 114.4, 114.3, 83.32, 78.04, 
72.81, 38.01, 27.77. 
N-(prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 1.25 
 
Tert-butyl prop-2-yn-1-yl(2-(trifluoromethyl)pyridin-4-yl)carbamate 1.24 (1.21 g, 4.03 mmol) was 
dissolved in DCM (1 mL) and TFA (1 mL) was added. After stirring at r.t. for 18 h the mixture was cooled 
to 0 °C and saturated Na2CO3 solution was added. The reaction mixture was extracted with DCM and 
the combined organic layers were washed with Brine, dried over Na2SO4, filtered and concentrated 
under reduced pressure. Automated flash chromatography (PE/EtOAc) yielded the title compound 
(820 mg, 4.03 mmol, > 98%) as a white solid. 
TLC: Rf = 0.44 (PE/EtOAc 1:1) 
LC-MS: m/z: 201 (M+H)+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.31 (d, J = 6.5 Hz, 1 H), 7.72 (bs, 1 H), 7.16 (d, J = 2.1 Hz, 1 H), 
6.89 (dd, J = 6.5 Hz, J = 2.3 Hz, 1 H), 4.10 (d, J = 2.4 Hz, 2 H), 2.33 (t, J = 2.6 Hz, 1 H). 
13C-NMR (75 MHz, CDCl3): δ [ppm] = 156.7, 145.2, 143.7, 119.33, 109.40, 106.50, 73.80, 73.63, 32.75. 
N-(3-(4-fluorophenyl)prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 1.26 
 




The compound was prepared according to GP2. N-(prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 
1.25 (40.0 mg, 0.200 mmol), 1-fluoro-4-iodobenzene (44.4 mg, 0.200 mmol), DIPEA (712 µL, 54 mg  
0.420 mmol), Pd(PPh3)4 (11.4 mg, 5 mol%) and CuI (1.90 mg 5 mol%) were used. Automated flash 
chromatography (PE/EtOAc) afforded the title compound as a yellow solid (8.82 mg, 0.030 mmol, 
15%). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8:36 (d, J = 5.6 Hz, 1 H), 7.41 – 7.36 (m, 2 H), 7.04 – 6.95 (m, 3 H), 
6.71 – 6.68 (m, 1 H), 4.95 (bs, 1 H), 4.24 – 4.21 (m, 2 H). 
13C-NMR (75 MHz, CDCl3): δ [ppm] = 164.4, 161.0, 153.3, 150.2, 149.1, 148.6, 133.7, 123.5, 119.9, 
118.2, 115.8, 109.6, 105.0, 83.35, 33.26. 
HRMS (ESI): C15H11F4N2+ (M+H)+ calculated: 295.08529 found: 295.08466 
N-(3-(4-chlorophenyl)prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 1.27 
 
The compound was prepared according to GP2. N-(prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 
1.25 (40.0 mg, 0.200 mmol), 1-chloro-4-iodobenzene (47.6 mg, 0.200 mmol), DIPEA (712 µL, 54 mg 
0.420 mmol), Pd(PPh3)4 (11.4 mg, 5 mol%) and CuI (1.90 mg 5 mol%) were used. Automated flash 
chromatography (PE/EtOAc) afforded the title compound as a white solid (8.06 mg, 0.026 mmol, 13%). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.24 (d, J = 5.7 Hz, 1 H), 7.55 (t, J = 5.7 Hz, NH), 7.38 – 7.45 (m, 
4 H), 7.04 (d, J = 2.2 Hz, 1 H), 6.83 (dd, J = 5.7 Hz, J = 2.2 Hz, 1 H), 4.30 (d, J = 5.7 Hz, 2 H). 
13C-NMR (75 MHz, CDCl3): δ [ppm] = 153.9, 149.9, 133.4, 133.1, 128.9, 120.9, 87.31, 81.55, 31.87. 
HRMS (ESI): C15H11ClF3N2+ (M+H)+ calculated: 311.05574 found: 311.05521 
N-(3-(4-bromophenyl)prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 1.28 
 
The compound was prepared according to GP2. N-(prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 
1.25 (40.0 mg, 0.200 mmol), 1-bromo-4-iodobenzene (56.4 mg, 0.200 mmol), DIPEA (712 µL, 54 mg 
0.420 mmol), Pd(PPh3)4 (11.4 mg, 5 mol%) and CuI (1.90 mg 5 mol%) were used. Automated flash 




chromatography (PE/EtOAc) afforded the title compound as a brown solid 1.42 (8.06 mg, 0.040 mmol, 
2%). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.37 (d, J = 5.6 Hz, 1 H), 7.44 (d, J = 8.2 Hz, 2 H), 7.24 – 7.26 (m, 
2 H), 6.94 – 6.93 (m, 1 H), 6.69 (dd, J = 5.6 Hz, J = 1.8 Hz, 1 H), 4.73 (bs, 1 H), 4.22 (d, J = 5.8 Hz, 1 H). 
13C-NMR (75 MHz, CDCl3): δ [ppm] = 152.9, 150.1, 143.1, 132.9, 131.4, 122.8, 120.8, 111.1, 109.4, 
104.8, 84.50, 83.26, 29.44. 
LCMS: m/z 356 (M+H)+ 
N-(3-(3-fluorophenyl)prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 1.29 
 
The compound was prepared according to GP2. N-(prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 
1.25 (40.0 mg, 0.200 mmol), 1-fluoro-3-iodobenzene (44.4 mg, 0.200 mmol), DIPEA (712 µL, 54 mg  
0.420 mmol), Pd(PPh3)4 (11.4 mg, 5 mol%) and CuI (1.90 mg 5 mol%) were used. Automated flash 
chromatography (PE/EtOAc) afforded the title compound as a yellow solid (2.35 mg, 0.080 mmol, 4%). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.38 (d, J = 5.6 Hz, 1 H), 7.29 – 7.28 (m, 2 H), 7.18 (d, J = 6.6 Hz, 
1 H), 7.11 – 7.01 (m, 2 H), 6.95 (d, J = 2.2 Hz, 1 H), 6.71 (dd, J = 5.6 Hz, J = 2.3 Hz, 1 H), 4.76 (bs, 1 H), 
4.25 (d, J = 5.8 Hz, 2 H). 
13C-NMR (75 MHz, CDCl3): δ [ppm] = 165.6, 161.0, 153.4, 150.1, 149.2, 148.5, 128.9, 122.4, 119.9, 
118.2, 115.8, 109.6, 105.1, 83.36, 33.27. 
HRMS (ESI): C15H11F4N2+ (M+H)+ calculated: 295.08529 found: 295.08466 
N-(3-(2,4-difluorophenyl)prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 1.30 
 
The compound was prepared according to GP2. N-(prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 
1.25 (40.0 mg, 0.200 mmol), 2,4-difluoro-1-iodobenzene (48.0 mg, 0.200 mmol), DIPEA (712 µL, 54 mg 
0.420 mmol), Pd(PPh3)4 (11.4 mg, 5 mol%) and CuI (1.90 mg 5 mol%) were used. Automated flash 
chromatography (PE/EtOAc) afforded the title compound as a yellow solid (3.12 mg, 0.010 mmol, 5%). 




1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.38 (d, J = 5.8 Hz, 1 H), 7.09 – 7.06 (m, 1 H), 7.03 – 7.00 (m, 2 H), 
6.96 (d, J = 2.3 Hz, 1 H), 6.71 (dd, J = 5.6 Hz, J = 2.3 Hz, 1 H), 4.93 (bs, 1 H), 4.28 (d, J = 5.8 Hz, 2 H). 
13C-NMR (75 MHz, CDCl3): δ [ppm] = 160.4, 159.1, 157.8, 153.2, 150.3, 149.1, 123.1, 120.3, 119.5, 
117.2, 111.8, 109.6, 105.1, 89.93, 33.31. 
HRMS (ESI): C15H10F5N2+ (M+H)+ calculated: 313.07587 found: 313.07507 
N-(3-(3,4-dichlorophenyl)prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 1.31 
 
The compound was prepared according to GP2. N-(prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 
1.25 (40.0 mg, 0.200 mmol), 1,2-dichloro-4-iodobenzene (54.6 mg, 0.200 mmol), DIPEA (712 µL, 54 mg 
0.420 mmol), Pd(PPh3)4 (11.4 mg, 5 mol%) and CuI (1.90 mg 5 mol%) were used. Automated flash 
chromatography (PE/EtOAc) afforded the title compound as a yellow solid (23.5 mg, 0.068 mmol, 
34%). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.36 (d, J = 5.6 Hz, 1 H), 7.47 (d, J = 1.9 Hz, 1 H), 7.37 (d, J = 8.3 Hz, 
1 H), 7.20 (dd, J = 8.3 Hz, J = 2.0 Hz, 1 H), 6.93 (d, J = 2.3 Hz, 1 H), 6.69 (dd, J = 5.7 Hz, J = 2.4 Hz, 1 H), 
4.86 (bs, 1 H), 4.23 (d, J = 5.9 Hz, 2 H). 
13C-NMR (75 MHz, CDCl3): δ [ppm] = 153.2, 150.3, 133.3, 133.2, 132.6, 130.8, 130.4, 122.0, 109.5, 
105.0, 85.7, 82.2, 33.2. 
HRMS (ESI): C15H10Cl2F3N2+ (M+H)+ calculated: 345.01677 found: 345.01620 
N-(3-(6-chloropyridin-3-yl)prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 1.32 
 
The compound was prepared according to GP2. N-(prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 
1.25 (40.0 mg, 0.200 mmol), 2-chloro-5-iodopyridine (47.9 mg, 0.200 mmol), DIPEA (712 µL, 54 mg 
0.420 mmol), Pd(PPh3)4 (11.4 mg, 5 mol%) and CuI (1.90 mg 5 mol%) were used. Automated flash 
chromatography (PE/EtOAc) afforded the title compound as a yellow solid (53.6 mg, 0.172 mmol, 
86%). 




1H-NMR (300 MHz, CDCl3): Shift [ppm] = 8.41 (d, J = 2.2 Hz, 1 H), 8.38 (d, J = 5.7 Hz, 1 H), 7.63 (dd, 
J = 8.3 Hz, 2.3 Hz, 1 H), 7.29 (d, J = 8.3 Hz, 1 H), 6.95 (d, J = 2.3 Hz, 1 H), 6.71 (dd, J = 5.7 Hz, J = 2.4 Hz, 
1 H), 4.90 (bs, 1 H), 4.27 (d, J = 5.9 Hz). 
13C-NMR (75 MHz, CDCl3): Shift [ppm] = 153.2, 152.2, 151.0, 150.4, 141.1, 123.9, 118.2, 109.6, 105.0, 
88.35, 79.99, 33.23. 
HRMS (ESI): C14H10ClF3N3+ (M+H)+ calculated: 312.05099 found: 312.05038 
N-(3-(5-chloropyridin-2-yl)prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 1.33 
 
The compound was prepared according to GP2. N-(prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 
1.25 (40.0 mg, 0.200 mmol), 5-chloro-2-iodopyridine (47.9 mg, 0.200 mmol), DIPEA (712 µL, 54 mg 
0.420 mmol), Pd(PPh3)4 (11.4 mg, 5 mol%) and CuI (1.90 mg 5 mol%) were used. Automated flash 
chromatography (PE/EtOAc) afforded the title compound as a yellow solid (21.2 mg, 0.068 mmol, 
34%). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.53 (d, J = 2.4 Hz, 1 H), 8.36 (d, J = 5.7 Hz, 1 H), 7.66 – 7.62 (m, 
1 H), 7.34 (d, J = 8.3 Hz, 1 H), 6.93 (d, J = 2.2 Hz, 1 H), 6.69 (dd, J = 5.7 Hz, J = 2.1 Hz, 1 H), 4.96 (bs, 1 H), 
4.27 (d, J = 5.8 Hz, 2 H). 
13C-NMR (75 MHz, CDCl3): δ [ppm] = 153.3, 152.3, 151.1, 150.5, 141.2, 123.9, 118.2, 109.5, 105.1, 
88.34, 76.89, 33.23. 
HRMS (ESI): C14H10ClF3N3+ (M+H)+ calculated: 312.05099 found: 312.05035 
4-(3-((2-(trifluoromethyl)pyridin-4-yl)amino)prop-1-yn-1-yl)phenol 1.34 
 
The compound was prepared according to GP2. N-(prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 
1.25 (40.0 mg, 0.200 mmol), 4-iodophenol (44.0 mg, 0.200 mmol), DIPEA (712 µL, 54 mg 0.420 mmol), 
Pd(PPh3)4 (11.4 mg, 5 mol%) and CuI (1.90 mg 5 mol%) were used. Automated flash chromatography 
(PE/EtOAc) afforded the title compound as a yellow solid (5.85 mg, 0.020 mmol, 10%). 




1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.42 (bs, OH), 8.33 (d, J = 5.7 Hz, 1 H), 7.26 – 7.22 (m, 2 H), 6.94 
(d, J = 2.3 Hz, 1 H), 6.82 – 6.78 (m, 2 H), 6.69 (dd, J = 5.7 Hz, J = 2.3 Hz, 1 H), 5.11 (bs, NH), 4.20 (d, 
J = 7.2 Hz, 2 H). 
13C-NMR (75 MHz, CDCl3): δ [ppm] = 157.6, 153.6, 150.0, 133.2, 123.5, 115.6, 113.1, 109.5, 105.0, 
84.74, 81.82, 33.40.  
HRMS (ESI): C15H12F3N2O+ (M+H)+ calculated: 293.08962 found: 293.08893 
N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 1.35 
 
The compound was prepared according to GP2. N-(prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 
1.25 (40.0 mg, 0.200 mmol), 1-methoxy-4-iodobenzene (46.8 mg, 0.200 mmol), DIPEA (712 µL, 54 mg 
0.420 mmol), Pd(PPh3)4 (11.4 mg, 5 mol%) and CuI (1.90 mg 5 mol%) were used. Automated flash 
chromatography (PE/EtOAc) afforded the title compound as a yellow solid (7.36 mg, 0.024 mmol, 
12%). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.33 (d, J = 5.8 Hz, 1 H), 7.26 – 7.22 (m, 2 H), 6.94 (d, J = 2.3 Hz, 
1 H), 6.84 – 6.78 (m, 2 H), 6.69 (dd, J = 5.7 Hz, J = 2.3 Hz, 1 H), 5.11 (bs, NH), 4.20 (d, J = 7.2 Hz, 2 H). 
13C-NMR (75 MHz, CDCl3): δ [ppm] = 162.3, 157.6, 153.6, 150.0, 133.2, 123.5, 114.3, 113.2, 109.4, 
105.1, 84.76, 81.84, 57.40, 33.42.  
HRMS (ESI): C16H14F3N2O+ (M+H)+ calculated: 307.10527 found: 307.10464 
N-(3-(3-methoxyphenyl)prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 1.36 
 
The compound was prepared according to GP2. N-(prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 
1.25 (40.0 mg, 0.200 mmol), 1-methoxy-3-iodobenzene (46.8 mg, 0.200 mmol), DIPEA (712 µL, 54 mg 
0.420 mmol), Pd(PPh3)4 (11.4 mg, 5 mol%) and CuI (1.90 mg 5 mol%) were used. Automated flash 
chromatography (PE/EtOAc) afforded the title compound as a yellow solid (41.6 mg, 0.136 mmol, 
68%). 




1H-NMR (300 MHz, CDCl3): Shift [ppm] = 8.36 (d, J = 5.7 Hz, 1 H), 7.22 (t, J = 7.8 Hz, 1 H), 7.01 – 6.98 
(m, 1 H), 6.95 (d, J = 2.3 Hz, 1 H), 6.93 – 6.87 (m, 2 H), 6.89 (dd, J = 5.7 Hz, J = 2.3 Hz, 1 H), 4.92 – 4.87 
(m, 1 H), 4.23 (d, J = 5.7 Hz, 2 H), 3.82 (s, 3 H). 
13C-NMR (75 MHz, CDCl3): Shift [ppm] = 162.1, 158.6, 151.0, 146.2, 130.1, 124.3, 121.2, 115.8, 115.3, 
110.0, 108.9, 83.12, 82.79, 57.38, 33.45. 
HRMS (ESI): C16H14F3N2O+ (M+H)+ calculated: 307.10527 found: 307.10480 
N-(3-(4-ethoxyphenyl)prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 1.37 
 
The compound was prepared according to GP2. N-(prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 
1.25 (40.0 mg, 0.200 mmol), 1-ethoxy-4-iodobenzene 1.20a (49.6 mg, 0.200 mmol), DIPEA (712 µL, 
54 mg 0.420 mmol), Pd(PPh3)4 (11.4 mg, 5 mol%) and CuI (1.90 mg 5 mol%) were used. Automated 
flash chromatography (PE/EtOAc) afforded the title compound as a yellow solid (8.97 mg, 0.028 mmol, 
14%). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.35 (d, J = 5.6 Hz, 1 H), 7.32 (d, J = 8.7 Hz, 2 H), 6.93 (d, J = 2.4 
Hz, 1 H), 6.81 (d, J = 8.7 Hz, 2 H), 6.68 (dd, J = 5.6 Hz, J = 2.3 Hz, 1 H), 4.82 (bs, 1 H), 4.21 (d, J = 5.6 Hz, 
2 H), 4.02 (q, J = 7.0 Hz, 2 H), 1.40 (t, J = 6.9, 3 H). 
13C-NMR (75 MHz, CDCl3): δ [ppm] = 153.3, 150.2, 148.9, 148.6, 133.2, 120.6, 114.4, 113.8, 109.5, 
105.0, 84.54, 82.05, 63.51, 33.44, 14.69. 
HRMS (ESI): C17H16F3N2O+ (M+H)+ calculated: 321.12092 found: 321.12023 
N-(3-(4-isopropoxyphenyl)prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 1.38 
 
The compound was prepared according to GP2. N-(prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 
1.25 (40.0 mg, 0.200 mmol), 1-iodo-4-isopropoxybenzene 1.20b (52.4 mg, 0.200 mmol), DIPEA (712 
µL, 54 mg 0.420 mmol), Pd(PPh3)4 (11.4 mg, 5 mol%) and CuI (1.90 mg 5 mol%) were used. Automated 
flash chromatography (PE/EtOAc) afforded the title compound as a yellow solid (18.7 mg, 0.056 mmol, 
28%). 




1H-NMR (500 MHz, CDCl3): δ [ppm] = 8.36 (d, J = 5.7 Hz, 1 H), 7.33 – 7.31 (m, 2 H), 6.95 (d, J = 2.4 Hz, 1 
H), 6.82 – 6.80 (m, 2 H), 6.70 (dd, J = 5.7 Hz, J = 2.4 Hz, 1 H), 4.81 (bs, 1 H), 4.55 (dq, J = 6.1 Hz, 1 H), 
4.23 (d, J = 5.7 Hz, 2 H), 1.34 (d, J = 6.1 Hz, 6 H). 
13C-NMR (125 MHz, CDCl3): δ [ppm] = 158.3, 153.4, 150.1, 133.2, 115.7, 113.7, 109.6, 105.0, 84.62, 
81.91, 69.91, 33.47, 21.91. 
HRMS (ESI): C18H18F3N2O+ (M+H)+ calculated: 335.13657 found: 335.13605 
N-(3-(4-phenoxyphenyl)prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 1.39 
 
The compound was prepared according to GP2. N-(prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 
1.25 (40.0 mg, 0.200 mmol), 1-iodo-4-phenoxybenzene (59.2 mg, 0.200 mmol), DIPEA (712 µL, 54 mg 
0.420 mmol), Pd(PPh3)4 (11.4 mg, 5 mol%) and CuI (1.90 mg, 5 mol%) were used. Automated flash 
chromatography (PE/EtOAc)  afforded the title compound as a yellow solid (23.6 mg, 0.064 mmol, 
32%). 
1H-NMR (300 MHz, CDCl3): Shift [ppm] = 7.39 – 7.34 (m, 4 H), 7.15 – 7.14 (m, 1 H), 7.03 – 7.02 (m, 2 H), 
6.96 – 6.95 (m, 1 H), 6.70 (dd, J = 5.6 Hz, J = 2.4 Hz, 1 H), 4.81 (bs, 1 H), 4.23 (d, J = 5.7 Hz, 2 H). 
13C-NMR (75 MHz, CDCl3): Shift [ppm] = 158.0, 156.2, 153.3, 150.3, 149.1, 133.3, 129.9, 123.9, 119.5, 
118.3, 116.5, 109.6, 105.0, 84.13, 82.88, 33.41. 
HRMS (ESI): C21H16F3N2O+ (M+H)+ calculated: 369.12092 found: 369.12012 
N-(3-(4-methoxy-3-methylphenyl)prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 1.40 
 
The compound was prepared according to GP2. N-(prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 
1.25 (40.0 mg, 0.200 mmol), 4-iodo-1-methoxy-2-methylbenzene 1.23a (52.4 mg, 0.200 mmol), DIPEA 
(712 µL, 54 mg 0.420 mmol), Pd(PPh3)4 (11.4 mg, 5 mol%) and CuI (1.90 mg 5 mol%) were used. 
Automated flash chromatography (PE/EtOAc) afforded the title compound as a yellow solid (37.8 mg, 
0.118 mmol, 59%). 




1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.35 (d, J = 5.8 Hz, 1 H), 7.24 – 7.21 (m, 1 H), 7.19 – 7.18 (m, 1 H), 
6.94 (d, J = 2.3 Hz, 1 H), 6.74 (d, J = 8.4 Hz, 1 H), 6.68 (dd, J = 5.8 Hz, J = 2.3 Hz, 1 H), 4.90 (bs, NH), 4.21 
(d, J = 5.8 Hz, 2 H), 3.83 (s, 3 H), 2.17 (s, 3 H). 
13C-NMR (75 MHz, CDCl3): δ [ppm] = 157.7, 153.7, 150.1, 133.3, 123.5, 115.6, 113.1, 109.5, 105.0, 
83.25, 80.73, 59.23, 33.38, 16.58. 
HRMS (ESI): C17H16F3N2O+ (M+H)+ calculated: 321.12092 found: 321.12024 
N-(3-(3-fluoro-4-methoxyphenyl)prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 1.41 
 
The compound was prepared according to GP2. N-(prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 
1.25 (40.0 mg, 0.200 mmol), 2-fluoro-4-iodo-1-methoxybenzene 1.21a (50.4 mg, 0.200 mmol), DIPEA 
(712 µL, 54 mg 0.420 mmol), Pd(PPh3)4 (11.4 mg, 5 mol%) and CuI (1.90 mg 5 mol%) were used. 
Automated flash chromatography afforded the title compound as a yellow solid (3.24 mg, 0.010 mmol, 
5%). 
1H-NMR (500 MHz, CDCl3): δ [ppm] = 8.38 (d, J = 5.7 Hz, 1 H), 7.16 – 7.14 (m, 1 H), 7.13 – 7.11 (m, 1 H), 
6.95 (d, J = 2.3 Hz, 1 H), 6.90 – 6.87 (m, 1 H), 6.70 (dd, J = 5.7 Hz, J = 2.3 Hz, 1 H), 4.79 (bs, 1 H), 4.23 (d, 
J = 5.8 Hz, 2 H), 3.90 (s, 3 H). 
13C-NMR (125 MHz, CDCl3): δ [ppm] = 153.3, 152.6, 150.2, 148.5, 128.4, 119.4, 114.5,113.1, 109.6, 
105.0, 83.38, 82.85, 56.18, 33.33, 29.68. 
HRMS (ESI): C16H13F4N2O+ (M+H)+ calculated: 325.09585 found: 325.09537 
N-(3-(3-chloro-4-methoxyphenyl)prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 1.42 
 
The compound was prepared according to GP2. N-(prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 
1.25 (40.0 mg, 0.200 mmol), 2-chloro-4-iodo-1-methoxybenzene 1.22a (53.7 mg, 0.200 mmol), DIPEA 
(712 µL, 54 mg 0.420 mmol), Pd(PPh3)4 (11.4 mg, 5 mol%) and CuI (1.90 mg 5 mol%) were used. 




Automated flash chromatography afforded the title compound as a yellow solid (16.3 mg, 0.048 mmol, 
24%). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.34 (d, J = 5.6 Hz, 1 H), 7.39 (s, 1 H), 7.24 (s, 1 H), 6.92-6.90 (m, 
1 H), 6.83 (d, J = 8.4 Hz, 1 H), 6.66 (d, J = 5.6 Hz, 1 H), 4.82 (bs, 1 H), 4.19 (d, J = 5.6 Hz, 2 H), 3.88 (s, 3 
H). 
13C-NMR (75 MHz, CDCl3): δ [ppm] = 155.4, 153.2, 150.4, 150.2, 148.9, 133.3, 131.5, 122.3, 115.0, 
111.7, 109.5, 105.0, 83.19, 83.08, 56.17, 33.31. 
HRMS (ESI): C16H13ClF3N2O+ (M+H)+ calculated: 341.06630 found: 341.06564 
N-(3-(4-ethoxy-3-fluorophenyl)prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 1.43 
 
The compound was prepared according to GP2. N-(prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 
1.25 (40.0 mg, 0.200 mmol), 1-ethoxy-2-fluoro-4-iodobenzene 1.21b (53.2 mg, 0.200 mmol), DIPEA 
(712 µL, 54 mg 0.420 mmol), Pd(PPh3)4 (11.4 mg, 5 mol%) and CuI (1.90 mg 5 mol%) were used. 
Automated flash chromatography afforded the title compound as a yellow solid (19.6 mg, 0.058 mmol, 
29%). 
1H-NMR (500 MHz, CDCl3): δ [ppm] = 8.36 (d, J = 5.7 Hz, 1 H), 7.10 – 7.12 (m, 2 H), 6.94 (d, J = 2.3 Hz, 1 
H), 6.87 (dd, J = 8.4 Hz, 1 H), 6.69 (dd, J = 5.7 Hz, J = 2.3 Hz, 1 H), 4.82 (bs, 1 H), 4.22 (d, J = 5.8 Hz, 2 H), 
4.11 (q, J = 7.0 Hz, 2 H), 1.46 (t, J = 7.0 Hz, 3 H). 
13C-NMR (126 MHz, CDCl3): δ [ppm] = 153.0, 150.0, 147.6, 128.1, 122.5, 120.3, 119.1, 118.9, 114.3, 
113.8, 104.6, 82.88, 82.56, 64.54, 33.05, 14.38. 
HRMS (ESI): C17H15F4N2O+ (M+H)+ calculated: 339.11150 found: 339.11118 
N-(3-(3-chloro-4-ethoxyphenyl)prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 1.44 
 
The compound was prepared according to GP2. N-(prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 
1.25 (40.0 mg, 0.200 mmol), 2-chloro-1-ethoxy-4-iodobenzene 1.22b (56.5 mg, 0.200 mmol), DIPEA 




(712 µL, 54 mg 0.420 mmol), Pd(PPh3)4 (11.4 mg, 5 mol%) and CuI (1.90 mg 5 mol%) were used. 
Automated flash chromatography afforded the title compound as a yellow solid (18.4 mg, 0.052 mmol, 
26%). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.37 – 8.33 (m, 1 H), 7.41 – 7.38 (m, 1 H), 7.24 (d, J = 8.4 Hz, 1 H), 
6.94 – 6.91 (m, 1 H), 6.82 (d, J = 8.4 Hz, 1 H), 6.68 (d, J = 2.3 Hz, 1 H), 4.88 (bs, 1 H), 4.22 – 4.18 (m, 2 
H), 4.10 (q, J = 6.71 Hz, 2 H), 1.46 (t, J = 6.7 Hz, 3 H). 
13C-NMR (75 MHz, CDCl3): δ [ppm] = 154.9, 153.3, 150.2, 148.9, 133.3, 131.4, 122.6, 120.6, 114.8, 
112.7, 109.5, 105.0, 83.1, 83.1, 64.8, 33.3, 14.5. 
HRMS (ESI): C17H15ClF3N2O+ (M+H)+ calculated: 355.08195 found: 355.08127 
N-(3-(3-fluoro-4-isopropoxyphenyl)prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 1.45 
 
The compound was prepared according to GP2. N-(prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 
1.25 (40.0 mg, 0.200 mmol), 2-fluoro-4-iodo-1-isopropoxybenzene 1.21c (56.0 mg, 0.200 mmol), 
DIPEA (712 µL, 54 mg 0.420 mmol), Pd(PPh3)4 (11.4 mg, 5 mol%) and CuI (1.90 mg 5 mol%) were used. 
Automated flash chromatography afforded the title compound as a yellow solid (19.0 mg, 0.054 mmol, 
27%). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.36 (d, J = 5.6 Hz, 1 H), 7.11 – 7.09 (m, 2 H), 6.93 (d, J = 1.8 Hz, 1 
H), 6.90 – 6.85 (m, 1 H), 6.68 (dd, J = 5.6 Hz, J = 1.8 Hz, 1 H), 4.77 (bs, 1 H), 4.55 (dt, J = 12.1 Hz, J = 6.1 
Hz, 1 H), 4.21 (d, J = 5.6 Hz, 2 H), 1.36 (d, J = 6.1 Hz, 6 H). 
13C-NMR (75 MHz, CDCl3): δ [ppm] = 153.9, 153.5, 152.0, 150.5, 147.1, 128.5, 119.9, 119.8, 116.9, 
116.8, 109.8, 105.3, 83.68, 83.10, 72.47, 33.60, 22.19. 
HRMS (ESI): C18H17F4N2O+ (M+H)+ calculated: 353.12715 found: 353.12643 
N-(3-(3-chloro-4-isopropoxyphenyl)prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 1.46 
 




The compound was prepared according to GP2. N-(prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 
1.25 (40.0 mg, 0.200 mmol), 2-chloro-4-iodo-1-isopropoxybenzene 1.22c (59.3 mg, 0.200 mmol), 
DIPEA (712 µL, 54 mg 0.420 mmol), Pd(PPh3)4 (11.4 mg, 5 mol%) and CuI (1.90 mg 5 mol%) were used. 
Automated flash chromatography afforded the title compound as a yellow solid (16.2 mg, 0.044 mmol, 
22%). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.38 – 8.33 (m, 1 H), 7.42 – 7.38 (m, 1 H), 7.22 (d, J = 8.2 Hz, 1 H), 
6.94 – 6.91 (m, 1 H), 6.84 (d, J = 8.4 Hz, 1 H), 6.70 – 6.65 (m, 1 H), 4.81 (bs, 1 H), 4.59 – 4.53 (m, 1 H), 
4.20 (d, J = 2.9 Hz, 2 H), 2.04 (s, 6 H). 
13C-NMR (75 MHz, CDCl3): δ [ppm] = 154.4, 150.5, 149.2, 148.9, 133.8, 131.5, 124.1, 120.9, 115.1, 
111.4, 109.8, 105.3, 83.49, 83.27, 72.26, 29.94, 22.15. 
HRMS (ESI): C18H17ClF3N2O (M+H)+ calculated: 369.09760 found: 396.09705 
N-(3-(4-fluorophenyl)propyl)-2-(trifluoromethyl)pyridin-4-amine 1.1 
 
The compound was prepared according to GP3. (E)-N-(3-(4-fluorophenyl)allyl)-2-
(trifluoromethyl)pyridin-4-amine 1.26 (5.4 mg, 0.018 mmol) was used and the title compound was 
isolated as a colorless solid (5.3 mg, 0.018 mmol, >98%). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.27 (d, J = 5.6 Hz, 1 H), 7.37 – 7.31 (m, 2 H), 7.29 – 7.25 (m, 2 H), 
6.74 (d, J = 2.3 Hz, 1 H), 6.48 (dd, J = 5.7 Hz, J = 2.4 Hz, 1 H), 4.42 (bs, 1 H), 3.25 (dd, J = 13.4 Hz, J = 
6.9 Hz, 2 H), 2.76 (dd, J = 7.6 Hz, 2 H), 2.07 – 1.94 (m, 2 H). 
13C-NMR (75 MHz, CDCl3): δ [ppm] = 159.3 154.2, 150.3, 149.1, 140.8, 135.6, 135.3, 132.3, 123.5, 108.9, 
104.1, 42.15, 33.13, 30.29, 29.70. 
HRMS (ESI): C15H15F4N2+ (M+H)+ calculated: 299.11659 found: 299.11591 
N-(3-(6-chloropyridin-3-yl)propyl)-2-(trifluoromethyl)pyridin-4-amine 1.47 
 




The compound was prepared according to GP3. N-(3-(6-chloropyridin-3-yl)prop-2-yn-1-yl)-2-
(trifluoromethyl)pyridin-4-amine 1.32 (31.1 mg, 0.100 mmol) was used and the title compound was 
isolated as a yellow solid (30.2 mg, 0.959 mmol, 96%). 
LC-MS: m/z: 316 (M+H)+ 
N-(3-(3-methoxyphenyl)propyl)-2-(trifluoromethyl)pyridin-4-amine 1.48 
 
The compound was prepared according to GP3. N-(3-(3-methoxyphenyl)prop-2-yn-1-yl)-2-
(trifluoromethyl)pyridin-4-amine 1.36 (30.6 mg, 0.100 mmol) was used and the title compound was 
obtained as colorless solid (30.1 mg, 0.971 mmol, 97%). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.26 (d, J = 5.7 Hz, 1 H), 7.23 (d, J = 7.9 Hz, 1 H), 6.80 – 6.78 (m, 2 
H), 6.74 – 6.73 (m, 2 H), 6.48 (dd, J = 5.8, J = 2.3 Hz, 1 H), 4.38 (bs, 1 H), 3.26 – 3.19 (m, 2 H), 2.73 (dd, 
J = 7.4 Hz, 2 H), 2.03 – 1.94 (m, 2 H). 
HRMS (ESI): C16H18F3N2O+ (M+H)+ calculated: 311.13657 found: 311.13568 
N-(3-(4-phenoxyphenyl)propyl)-2-(trifluoromethyl)pyridin-4-amine 1.49 
 
The compound was prepared according to GP3. N-(3-(4-phenoxyphenyl)prop-2-yn-1-yl)-2-
(trifluoromethyl)pyridin-4-amine 1.39 (15.2 mg, 0.041 mmol) and the title compound was obtained as 
as a slight yellow solid (14.5 mg, 0.039 mmol, 95%). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.27 (d, J = 5.6 Hz, 1 H), 7.37 – 7.31 (m, 2 H), 7.29 – 7.25 (m, 2 H), 
6.74 (d, J = 2.3 Hz, 1 H), 6.48 (dd, J = 5.7 Hz, J = 2.4 Hz, 1 H), 4.42 (bs, 1 H), 3.25 (dd, J = 13.4 Hz, J = 
6.9 Hz, 2 H), 2.76 (dd, J = 7.6 Hz, 2 H), 2.07 – 1.94 (m, 2 H). 
13C-NMR (75 MHz, CDCl3): δ [ppm] = 158.4, 156.5, 156.4, 154.4, 150.2, 149.2, 140.9, 135.7, 135.5, 
133.4, 123.5, 108.8, 104.1, 42.15, 33.13, 30.29, 29.70. 
HRMS (ESI): C21H20F3N2O+ (M+H)+ calculated: 373.15222 found: 373.15161 
(Z)-N-(3-(6-chloropyridin-3-yl)allyl)-2-(trifluoromethyl)pyridin-4-amine 1.50 





N-(3-(6-chloropyridin-3-yl)prop-2-yn-1-yl)-2-(trifluoromethyl)pyridin-4-amine 1.32 (20 mg, 
0.064 mmol) was dissolved in EtOH (1.6 mL) and added under argon to a pre-stirred and degassesd 
suspension of Pd/C (0.6 mg, 10 mol%) in EtHOH (0.4 mL). The reaction mixture was stirred under an 
atmosphere of H2 atfor 10 min at room temperature. The compound was filtered over silica gel and 
washed with EtOAc. The solvent was removed under reduced pressure and afforded the title 
compound as a colorless solid (19.7 mg, 0.063 mmol, > 98%). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.74 (s, 1 H), 8.70 (d, J = 5.7 Hz, 1 H), 7.97 (dd, 
J = 8.2 Hz, J = 2.0 Hz, 1 H), 7.62 (d, J = 8.2 Hz, 1 H), 7.28 (s, 1 H), 7.02 (d, J = 5.6 Hz, 1 H), 5.32 (bs, 1 H), 
4.60 (d, J = 5.8 Hz, 2 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 153.6, 152.6, 151.4, 150.8, 149.6, 141.6, 124.4, 123.91, 118.6, 
110.0, 105.4, 88.82, 80.37, 33.63, 30.10, 23.08. 
HRMS (ESI): C14H12ClF3N3+ (M+H)+ calculated: 314.06664 found: 312.05041 
N-((1-(2-fluorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-2-(trifluoromethyl)pyridin-4-amine 3.16 
 
The compound was prepared according to GP4. 2-fluoroaniline (11.1 mg, 0.100 mmol) was used in the 
reaction and yielded 30.2 mg (89.5 µmol, 86%) of a slightly yellow solid after purification via automated 
flash chromatography (PE/EtOAc). 
1H-NMR (500 MHz, CDCl3): δ [ppm] = 8.35 (bs, 1 H), 8.19 (bs, 1 H), 7.9 – 7.94 (m, 1 H), 7.48 – 7.44 (m, 
1 H), 7.36 – 7.31 (m, 2 H), 6.97 (bs, 1 H), 6.72 (bs, 1 H), 5.43 (bs, 1 H), 4.64 (bs, 2 H). 
13C-NMR (126 MHz, CDCl3): δ [ppm] = 154.1, 152.1, 153.3, 116.7, 116.9, 124.5, 125.1, 130.3, 38.14. 
HRMS (ESI): C15H12F4N5+ (M+H)+ calculated: 338.10234 found: 338.10150 
N-((1-(3-fluorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-2-(trifluoromethyl)pyridin-4-amine 3.17 
 




The compound was prepared according to GP4. 3-fluoroaniline (11.1 mg, 0.100 mmol) was used in the 
reaction and yielded 31.8 mg (94.2 µmol, 94%) of a yellow solid after purification via automated flash 
chromatography (PE/EtOAc). 
1H-NMR (500 MHz, CDCl3): δ [ppm] = 8.34 (bs, 1 H), 8.02 (bs, 1 H), 7.52 – 7.49 (m, 3 H), 7.17 (bs, 1 H), 
6.95 (bs, 1 H), 6.70 (bs, 1 H), 5.38 (bs, 1 H), 4.63 (bs, 2 H). 
13C-NMR (126 MHz, CDCl3): δ [ppm] = 164.4, 162.4, 153.8, 138.4, 131.7, 116.4, 116.2, 116.1, 108.8, 
108.5, 38.70. 
HRMS (ESI): C15H12F4N5+ (M+H)+ calculated: 338.10234 found: 338.10144 
N-((1-(4-fluorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-2-(trifluoromethyl)pyridin-4-amine 3.18 
 
The compound was prepared according to GP4. 4-fluoroaniline (11.1 mg, 0.100 mmol) was used in the 
reaction and yielded 31.8 mg (94.3 µmol, 27%) of a yellow solid after purification via automated flash 
chromatography (PE/EtOAc). 
1H-NMR (500 MHz, acetone-d6): δ [ppm] = 8.66 (bs, 1 H), 8.31 (bs, 1 H), 7.94 – 7.91 (m, 2 H), 7.39 – 
7.35 (m, 2 H), 7.20 (bs, 1H), 6.92 (bs, 1 H), 6.83 (bs, 1 H), 4.66 (bs, 2 H). 
13C-NMR (126 MHz, acetone-d6): δ [ppm] = 163.5, 161.6, 154.8, 122.9, 122.8, 117.1, 116.8, 38.20. 
HRMS (ESI): C15H12F4N5+ (M+H)+ calculated: 338.10234 found: 338.10151 
N-((1-(2-chlorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-2-(trifluoromethyl)pyridin-4-amine 3.19 
 
The compound was prepared according to GP4. 2-chloroaniline (12.8 mg, 0.100 mmol) was used in the 
reaction and yielded 9.36 mg (26.5 µmol, 94%) of a colorless solid after purification via automated 
flash chromatography (PE/EtOAc). 
1H-NMR (500 MHz, acetone-d6): δ [ppm] = 8.36 (bs, 1 H), 8.23 (bs, 1 H), 7.71 (dd, J = 7.8 Hz, J = 1.7 Hz, 
1 H), 7.66 – 7.64 (m, 1 H), 7.61 – 7. 63 (m, 1 H), 7.60– 7.57 (m, 1 H), 7.14 (bs, 1 H), 6.92 – 6.90 (m, 1 H), 
6.86 (bs, 1 H), 4.70 (d, J = 5.7 Hz, 2 H). 
13C-NMR (126 MHz, acetone-d6): δ [ppm] = 154.9, 135.6, 131.7, 131.0, 129.2, 128.7, 128.5, 38.15. 




HRMS (ESI): C15H12ClF3N5+ (M+H)+ calculated: 354.07278 found: 354.07205 
N-((1-(3-chlorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-2-(trifluoromethyl)pyridin-4-amine 3.20 
 
The compound was prepared according to GP4. 3-chloroaniline (12.8 mg, 0.100 mmol) was used in the 
reaction and yielded 30.1 mg (85.1 µmol, 85%) of a colorless solid after purification via automated 
flash chromatography (PE/EtOAc). 
1H-NMR (500 MHz, acetone-d6): δ [ppm] = 8.64 (s, 1 H), 8.22 (d, J = 5.7 Hz, 1 H), 7.95 (dd, J = 2.0 Hz, 1 
H), 7.88 – 7.886(m, 1 H), 7.61 (dd, J = 8.1 Hz, 1 H), 7.52 – 7.50 (m, 1 H), 7.13 (d, J = 2.1 Hz, 1 H), 6.88 
(dd, J = 5.7 Hz, J = 2.3 Hz, 1 H), 6.83 (bs, 1 H), 4.68 (d, J = 5.8 Hz, 2 H). 
13C-NMR (126 MHz, acetone-d6): δ [ppm] = 154.9, 150.5, 138.6, 153.2, 131.8, 128.8, 121.1, 120.4, 
118.9, 109.4, 104.9, 38.23. 
HRMS (ESI): C15H12ClF3N5+ (M+H)+ calculated: 354.07278 found: 354.07213 
N-((1-(4-chlorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-2-(trifluoromethyl)pyridin-4-amine 3.21 
 
The compound was prepared according to GP4. 4-chloroaniline (12.8 mg, 0.100 mmol) was used in the 
reaction and yielded 24.4 mg (68.9 µmol, 69%) of an off-white solid after purification via automated 
flash chromatography (PE/EtOAc). 
1H-NMR (500 MHz, acetone-d6): δ [ppm] = 8.58 (s, 1 H), 8.22 (d, J = 5.7 Hz, 1 H), 7.93 – 7.90 (m, 2 H), 
7.63 – 7.60 (m, 2 H), 7.12 (d, J = 2.4 Hz, 1 H), 6.88 (dd, J = 7.9 Hz, J = 2.3 Hz, 1 H), 6.82 (bs, 1 H), 4.67 (d, 
J = 5.8 Hz, 2 H). 
13C-NMR (126 MHz, acetone-d6): δ [ppm] = 154.9, 150.5, 146.1, 136.3, 133.9, 130.2, 122.1, 121.1, 
109.5, 104.9, 38.23. 
HRMS (ESI): C15H12ClF3N5+ (M+H)+ calculated: 354.07278 found: 354.07220 
N-((1-(4-bromophenyl)-1H-1,2,3-triazol-4-yl)methyl)-2-(trifluoromethyl)pyridin-4-amine 3.22 





The compound was prepared according to GP4. 4-Bromoaniline (17.2 mg, 0.100 mmol) was used in 
the reaction and automated flash chromatography (PE/EtOAc) afforded the title compound as an 
orange solid (37.4 mg, 0.094 mmol, 94%). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.35 (d, J = 5.0 Hz, 1 H), 7.91 (s, 1 H), 7.69 – 7.67 (m, 2 H), 
7.63 – 7.61 (d, 2 H), 6.92 (s, 1 H), 6.68 (d, J = 3.6 Hz, 1 H), 5.18 (bs, 1 H), 4.63 (d, J = 5.3 Hz, 1 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 153.8, 150.7, 135.9, 133.3, 123.1, 122.2, 109.6, 105.0, 38.77. 
HRMS (ESI): C15H12BrF3N5+ (M+H)+ calculated: 398.02226 found: 398.02173 
4-(4-(((2-(Trifluoromethyl)pyridin-4-yl)amino)methyl)-1H-1,2,3-triazol-1-yl)phenol 3.23 
 
The compound was prepared according to GP4. 4-Aminophenol (10.9 g, 0.100 mmol) was used in the 
reaction and automated flash chromatography (PE/EtOAc) afforded the title compound as a yellow 
solid (11.5 mg, 34.3 µmol, 34%). 
HRMS (ESI): C15H13F3N5O+ (M+H)+ calculated: 336.10667 found: 336.10596 
N-((1-(4-methoxyphenyl)-1H-1,2,3-triazol-4-yl)methyl)-2-(trifluoromethyl)pyridin-4-amine 3.24 
 
The compound was prepared according to GP4. 4-methoxyaniline was used in the reaction and yielded 
11.2 mg (32.1 µmol, 32%) of a colorless solid after purification via automated flash chromatography 
(PE/EtOAc). 
1H-NMR (500 MHz, acetone-d6): δ [ppm] = 8.44 (s, 1 H), 8.22 (d, J = 5.7 Hz, 1 H), 7.78 – 7.74 (m, 2 H), 
7.12 – 7.11 (m, 2 H), 7.11 – 7.10 (m, 1 H), 6.88 (dd, J = 7.9 Hz, J = 2.3 Hz, 1 H), 6.78 (bs, 1 H), 4.64 (d, 
J = 5.7 Hz, 2 H), 3.87 (s, 1 H). 
13C-NMR (126 MHz, acetone-d6): δ [ppm] = 160.2, 154.9, 150.5, 131.0, 122.2, 115.1, 109.5, 104.9, 
55.48, 38.29. 
LC-MS: m/z: 350 (M+H)+  






The compound was prepared according to GP4. 4-Isopropoxyaniline (15.1 mg, 0.100 mmol) was used. 
The title compound was obtained as a colorless solid (3.8 mg, 0.010 mmol, 10%) solid after purification 
via automated flash chromatography (PE/EtOAc). 
1H-NMR (500 MHz, CDCl3): δ [ppm] = 8.34 (d, J = 5.7 Hz, 1 H), 7.83 (s, 1 H), 7.60 – 7.56 (m, 2 H), 
7.02 – 6.99 (m, 2 H), 6.92 (d, J = 2.1 Hz, 1 H), 6.68 (d, J = 5.7 Hz, J = 2.1 Hz 1 H), 5.20 (bs, 1 H), 
4.63 – 4.61 (m, 1 H), 4.61 (d, J = 5.7 Hz, 1 H), 1.36 (d, J = 6.1 Hz, 1 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 158.7, 153.8, 150.6, 149.0, 144.42, 130.1, 122.5, 120.2, 116.8, 
109.5, 104.9, 70.70, 38.81, 22.13. 




The compound was prepared according to GP4.  4-(trifluoromethoxy)aniline was used in the reaction 
and yielded 35.5 mg (88.0 µmol, 88%) of a colorless solid after purification via automated flash 
chromatography (PE/EtOAc). 
1H-NMR (500 MHz, acetone-d6): δ [ppm] = 8.61 (s, 1 H), 8.21 (d, J = 5.7 Hz, 1 H), 8.04 – 8.01 (m, 2 H), 
7.58 – 7.56 (m, 2 H), 7.13 (d, J = 2.3 Hz, 1 H), 6.88 (dd, J = 7.9 Hz, J = 2.3 Hz, 1 H), 6.83 (bs, 1 H), 4.68 (d, 
J = 5.7 Hz, 2 H). 








The compound was prepared according to GP4. 4-(trifluoromethyl)aniline was used in the reaction and 
yielded 32.2 mg (83.2 µmol, 83%) of a colorless solid after purification via automated flash 
chromatography (PE/EtOAc). 
LC-MS: m/z: 388 (M+H)+ 
4-(4-(((2-(Trifluoromethyl)pyridin-4-yl)amino)methyl)-1H-1,2,3-triazol-1-yl)benzonitrile 3.28 
 
The compound was prepared according to GP4. 4-aminobenzonitrile was used in the reaction and 
yielded 23.9 mg (69.4 µmol, 69%) of a colorless solid after purification via automated flash 
chromatography (PE/EtOAc). 
1H-NMR (500 MHz, acetone-d6): δ [ppm] = 8.72 (s, 1 H), 8.21 (d, J = 5.7 Hz, 1 H), 8.15 – 8.13 (m, 2 H), 
8.03 – 8.01 (m, 2 H), 7.12 (d, J = 2.3 Hz, 1 H), 6.88 (dd, J = 7.9 Hz, J = 2.3 Hz, 1 H), 6.85 (bs, 1 H), 4.69 (d, 
J = 5.7 Hz, 2 H). 
13C-NMR (126 MHz, acetone-d6): δ [ppm] = 154.9, 150.5, 146.5, 140.4, 134.4, 121.2, 120.9, 118.0, 
109.5, 104.9, 38.18. 
HRMS (ESI): C16H12F3N6+ (M+H)+ calculated: 345.10701 found: 345.10626 
N-((1-(4-phenoxyphenyl)-1H-1,2,3-triazol-4-yl)methyl)-2-(trifluoromethyl)pyridin-4-amine 3.29 
 
The compound was prepared according to GP4. 4-phenoxyaniline was used in the reaction and yielded 
39.5 mg (96 µmol, 96%) of a colorless solid after purification via automated flash chromatography 
(PE/EtOAc). 
1H-NMR (300 MHz, DMSO-d6): δ [ppm] = 8.72 (s, 1 H), 8.20 (d, J = 5.7 Hz, 1 H), 7.89 (m, 2 H), 7.64 (m, 
1 H), 7.45 (m, 2 H), 7.21 (m, 3 H), 7.11 (m, 2 H), 7.06 (d, J = 2.2 Hz, 1 H), 6.83 (dd, J = 5.7 Hz, J = 2.2 Hz, 
1 H), 4.53 (d, J = 5.7 Hz, 2 H). 
13C-NMR (75 MHz, DMSO-d6): δ [ppm] = 156.9, 155.9, 154.3, 149.9, 145.1, 132.0, 130.2, 124.1, 122.1, 
121.4, 119.3, 119.1, 37.26. 
HRMS (ESI): C21H17F3N5O+ (M+H)+ calculated: 412.13797 found: 412.13705 






The compound was prepared according to GP4. N1-Phenylbenzene-1,4-diamine (18.4 mg, 0.100 mmol) 
was used in the reaction and the title compound was afforded as an off-white solid (27.4 mg, 
66.8 µmol, 67%) after purification via automated flash chromatography (PE/EtOAc). 
HRMS (ESI): C21H17F3N6+ (M+H)+ calculated: 411.15396 found: 411.15317 
N-((1-(3,4-dichlorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-2-(trifluoromethyl)pyridin-4-amine 3.35 
 
The compound was prepared according to GP4. 3,4-dichloroaniline and yielded 23.4 mg (60.0 µmol, 
60%) of a colorless solid after purification via automated flash chromatography (PE/EtOAc). 
1H-NMR (500 MHz, acetone-d6): δ [ppm] = 8.67 (s, 1 H), 8.21 (d, J = 5.8 Hz, 1 H), 8.13 (d, J = 2.4 Hz, 1 H), 
7.92 (dd, J = 8.9 Hz, J = 2.6 Hz, 1 H), 7.79 (d, J = 8.7 Hz, 1 H), 7.12 (d, J = 2.3 Hz, 1 H), 6.88 (d, J = 5.7 Hz, 
J = 2.3 Hz, 1 H), 6.84 (bs, 1 H), 4.68 (d, J = 5.8 Hz, 2 H). 
13C-NMR (75 MHz, DMSO-d6): δ [ppm] = 154.9, 150.5, 137.0, 132.1, 122.2, 120.3, 109.5, 104.9, 38.20. 




The compound was prepared according to GP4. 3-Fluoro-4-methoxyaniline was used in the reaction 
and yielded 25.7 mg (69.3 µmol, 69%) of a colorless solid after purification via automated flash 
chromatography (PE/EtOAc). 
HRMS (ESI): C16H14F4N5O+ (M+H)+ calculated: 368.11290 found: 368.11224 
N-((1-(3-chloro-4-methoxyphenyl)-1H-1,2,3-triazol-4-yl)methyl)-2-(trifluoromethyl)pyridin-4-amine 
3.37 





The compound was prepared according to GP4.  3-Chloro-4-methoxyaniline was used in the reaction 
and yielded 28.0 mg (73.0 µmol, 73%) of a colorless solid after purification via automated flash 
chromatography (PE/EtOAc). 
1H-NMR (500 MHz, acetone-d6): δ [ppm] = 8.52 (s, 1 H), 8.22 (d, J = 5.6 Hz, 1 H), 7.90 (d, J = 2.6 Hz, 1 
H), 7.80 (dd, J = 9.0 Hz, J = 2.8 Hz, 1 H), 7.31 (d, J = 8.9 Hz, 1 H), 7.12 (d, J = 2.3 Hz, 1 H), 6.88 (dd, J 
= 5.7 Hz, J = 2.2 Hz, 1 H), 6.81 (bs, 1 H), 4.65 (d, J = 5.6 Hz, 2 H), 3.98 (s, 3H). 
13C-NMR (75 MHz, DMSO-d6): δ [ppm] = 155.6, 154.9, 150.5, 145.8, 131.1, 123.0, 122.4, 121.2, 120.4, 
113.4, 109.5, 104.9, 56.44, 38.26. 




The compound was prepared according to GP4. 3-chloro-4-(trifluoromethoxy)aniline was used in the 
reaction and yielded 30.6 mg (69.9 µmol, 70%) of a colorless solid after purification via automated 
flash chromatography (PE/EtOAc). 
1H-NMR (500 MHz, acetone-d6): δ [ppm] = 8.33 (d, J = 5.7 Hz, 1 H), 7.93 (m, 2 H), 7.69 (dd, J = 8.9 Hz, 
J = 2.6 Hz, 1 H), 7.51 (m, 1 H), 6.92 (d, J = 2.3 Hz, 1 H), 6.68 (dd, J = 5.7 Hz, J = 2.3 Hz, 1 H), 5.25 (m, 1 H), 
4.63 (d, J = 5.6 Hz, 2 H). 
13C-NMR (75 MHz, DMSO-d6): δ [ppm] = 153.5, 150.5, 149.2, 148.8, 145.3, 135.5, 130.0, 129.2, 123.7, 
122.9, 122.0, 119.7, 118.63, 109.3, 107.8, 38.48. 
HRMS (ESI): C16H11ClF6N5O+ (M+H)+ calculated: 438.05508 found: 438.05444 
2-Chloro-1-isopropoxy-4-nitrobenzene 3.40a 
 




The compound was prepared according to GP5. Isopropanol (0.38 mL, 0.30 g, 5.00 mmol), 
1,2-dichloro-4-nitrobenzene (960 mg, 5.00 mmol) and Cs2CO3 (4.89 g, 15.0 mmol) were used. The title 
compound was obtained as a yellowish solid (841 mg, 3.91 mmol, 78%). 
LC-MS: m/z: 216 (M+H)+ 
2-Chloro-1-cyclopropoxy-4-nitrobenzene 3.41a 
 
The compound was prepared according to GP5. Cyclopropanol (51 µL, 47 mg, 0.809 mmol), 
1,2-dichloro-4-nitrobenzene (155 mg, 0.809 mmol) and Cs2CO3 (796 mg, 2.43 mmol) were used.  The 
title compound was obtained as a colorless solid (117 mg, 0.548 mmol, 68%). 
LC-MS: m/z: 214 (M+H)+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.29 (d, J = 2.6 Hz, 1 H), 8.18 (dd, J = 9.0 Hz, J = 2.8 Hz, 1 H), 7.40 
(d, J = 9.1 Hz, 1 H), 3.94 – 3.90 (m, 1 H), 0.95 – 0.92 (m, 4 H). 
2-Chloro-1-cyclobutoxy-4-nitrobenzene 3.42a 
 
The compound was prepared according to GP5. Cyclopbutanol (34 µL, 31 mg, 0.430 mmol), 
1,2-dichloro-4-nitrobenzene (83 mg, 0.430 mmol) and Cs2CO3 (423 mg, 1.29 mmol) were used.  The 
title compound was obtained as a colorless solid (42 mg, 0.184 mmol, 43%). 
LC-MS: m/z: 228 (M+H)+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.30 (d, J = 2.8 Hz, 1 H), 8.12 (dd, J = 9.2 Hz, J = 2.8 Hz, 1 H), 6.83 
(d, J = 9.2 Hz, 1 H), 4.80 (quint, J = 7.2 Hz, 1 H), 2.57 – 2.52 (m, 2 H), 2.34 – 2.27 (m, 2 H), 1.98 – 1.94 
(m, 1 H), 1.81 – 1.75 (m, 1 H). 
3-(2-Chloro-4-nitrophenoxy)oxetane 3.43a 
 
Oxetan-3-ol (64 µL, 74 mg, 1.00 mmol) was dissolved in anhydrous DMF (2 mL) and NaH (60 wt%, 
55 mg, 1.50 mmol) was added at 0 °C. The mixture was stirred for 1 h and 1,2-dichloro-4-nitrobenzene 
(192 mg, 1.00 mmol) was added. The reaction mixture was stirred for 16 h at 80 °C. After cooling to 




room temperature, H2O was added and the mixture was extracted three times with EtOAc. The 
combined organic layers were washed with saturated LiCl solution, dried over Na2SO4 and 
concentrated in vacuo. Automated flash chromatography afforded the title compound as a yellow solid 
(147 mg, 0.642 mmol, 64%). 
LC-MS: m/z: 244 (M+H)+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.35 (d, J = 2.6 Hz, 1 H), 8.12 (dd, J = 9.0 Hz, J = 2.6 Hz, 1 H), 6.55 
(d, J = 9.1 Hz, 1 H), 5.36 (quint, J = 5.7 Hz, 1 H), 5.05 (dd, J = 7.1 Hz, 2 H), 4.86 (dd, J = 7.1 Hz, J = 5.7 Hz 
2 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 157.3, 141.9, 126.6, 123.9, 111.7, 71.38. 
3-(2-Chloro-4-nitrophenoxy)tetrahydrofuran 3.44a 
 
Tetrahydrofuran-3-ol (81 µL, 88 mg, 1.00 mmol) was dissolved in anhydrous DMF (2 mL) and NaH 
(60 wt%, 55 mg, 1.50 mmol) was added at 0 °C. The mixture was stirred for 1 h and 1,2-dichloro-4-
nitrobenzene (192 mg, 1.00 mmol) was added. The reaction mixture was stirred for 16 h at 80 °C. After 
cooling to room temperature, H2O was added and the mixture was extracted three times with EtOAc. 
The combined organic layers were washed with saturated LiCl solution, dried over Na2SO4 and 
concentrated in vacuo. Automated flash chromatography afforded the title compound as a yellow solid 
(129 mg, 0.530 mmol, 53%). 
LC-MS: m/z: 244 (M+H)+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.32 (d, J = 2.6 Hz, 1 H), 8.16 (d, J = 9.0 Hz, J = 2.6 Hz, 1 H), 6.93 
(d, J = 9.1 Hz, 1 H), 5.08 (bs, 1 h), 4.12 – 4.09 (m, 1 H), 4.06 – 4.02 (m, 2 H), 3.99 – 3.95 (m, 1 H), 
2.34 – 2.28 (m, 1 H), 2.24 – 2.20 (m, 1 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 158.2, 141.3, 126.4, 123.8, 112.6, 79.64, 72.70, 67.19, 33.01. 
2-Chloro-4-nitro-1-phenoxybenzene 3.45a 
 
The compound was prepared according to GP5. Phenol (282 mg, 3.00 mmol), 1,2-dichloro-4-
nitrobenzene (576 mg, 3.00 mmol) and Cs2CO3 (1.24 g, 2.98 mmol) were used.  The title compound 
was obtained as a colorless solid (745 mg, 0.184 mmol, > 98%). 




LC-MS: m/z: 250 (M+H)+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.41 (d, J = 2.7 Hz, 1 H), 8.06 (dd, J = 9.1 Hz, J = 2.7 Hz, 1 H), 
7.50 – 7.44 (m, 2 H), 7.32 – 7.29 (m, 1 H), 7.13 – 7.10 (m, 2 H), 6.90 (d, J = 9.1 Hz, 1 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 159.1, 154.5, 124.6, 130.4, 126.5, 125.7, 123.6, 120.2, 116.8. 
3-Chloro-4-cyclopropoxyaniline 3.41b 
 
The compound was prepared according to GP7 with toluene as solvent. 2-Chloro-1-cyclopropoxy-4-
nitrobenzene 3.41a (107 mg, 0.500 mmol) was used and the title compound was isolated as a brownish 
oil (98.1 mg, 0.468 mmol, 94%). 
LC-MS: m/z: 184 (M+H)+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 7.09 (d, J = 8.7 Hz, 1 H), 6.76 (d, J = 2.8 Hz, 1 H), 8.59 (d, J = 8.6 Hz, 
J = 2.6 Hz, 1 H), 3.77 – 3.73 (m, 1 H), 0.85 – 0.80 (m, 2 H), 0.77 – 0.73 (m, 2 H). 
3-Chloro-4-cyclobutoxyaniline 3.42b 
 
The compound was prepared according to GP7 with THF as solvent. 2-Chloro-1-cyclobutoxy-4-
nitrobenzene 3.42a (114 mg, 0.500 mmol) was used and the title compound was isolated as a yellow 
oil (86 mg, 0.435 mmol, 87%). 
LC-MS: m/z: 198 (M+H)+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 6.75 (d, J = 2.6 Hz, 1 H), 6.65 (d, J = 8.5 Hz, 1 H), 6.51 (dd, 
J = 8.7 Hz, J = 2.8 Hz 1 H), 4.56 (quint, J = 7.3 Hz, 1 H), 2.45 – 2.37 (m, 2 H), 2.25 – 2.17 (m, 2 H), 
1.87 – 1.80 (m, 1 H), 1.68 – 1.85 (m, 1 H). 
3-Chloro-4-(oxetan-3-yloxy)aniline 3.43b 
 
The compound was prepared according to GP7 with THF as solvent. 3-(2-Chloro-4-
nitrophenoxy)oxetane 3.43a (115 mg, 0.500 mmol) was used and the title compound was isolated as 
a yellow oil (86 mg, 0.430 mmol, 86%). 




LC-MS: m/z: 200 (M+H)+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 6.78 (d, J = 2.6 Hz, 1 H), 6.51 (dd, J = 8.7 Hz, J = 2.8 Hz, 1H), 8.42 
(d, J = 8.7 Hz, 1 H), 5.13 (d, J = 5.7 Hz, 1 H), 4.92 (t, J = 6.9 Hz, 2 H), 4.83 (t, J = 5.7 Hz, 1 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 145.5, 141.3, 124.1, 117.7, 115.7, 114.3, 71.98. 
3-Chloro-4-((tetrahydrofuran-3-yl)oxy)aniline 3.44b 
 
The compound was prepared according to GP7 with THF as solvent. 3-(2-Chloro-4-
nitrophenoxy)tetrahydrofuran 3.44a (122 mg, 0.500 mmol) was used and the title compound was 
isolated as a yellow oil (107 mg, 0.498 mmol, > 98%). 
LC-MS: m/z: 214 (M+H)+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 6.77 – 6.75 (m, 2 H), 6.54 (dd, J = 8.5 Hz, J = 2.6 Hz, 1 H), 4.83 (bs, 
1 H), 4.07 – 4.00 (m, 2 H), 3.97 – 3.90 (m, 2 H), 2.21 – 2.17 (m, 1 H), 2.13 – 2.07 (m, 1 H). 




The compound was prepared according to GP7 with EtOH as solvent. 2-Chloro-4-nitro-1-
phenoxybenzene 3.45a (100 mg, 0.400 mmol) was used and the title compound was obtained as a 
colorless solid (85 mg, 0.387 mmol, 97%). 
LC-MS: m/z: 220 (M+H)+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 7.31 (d, J = 8.1 Hz, 1 H), 7.06 – 7.01 (m, 1 H), 6.93 – 6.88 (m, 3 H), 
6.80 (d, J = 2.7 Hz, 1 H), 6.60 – 6.56 (m, 1 H), 3.68 (bs, 2 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 150.1, 149.9, 141.6, 135.6, 130.1, 129.6, 127.8, 126.1, 124.8, 
120.2, 84.89, 27.86. 
N-((1-(3-chloro-4-isopropoxyphenyl)-1H-1,2,3-triazol-4-yl)methyl)-2-(trifluoromethyl)pyridin-4-
amine 3.46 





The compound was prepared according to GP4. 3-Chloro-4-isopropoxyaniline 3.40b (8.6 mg, 
0.046 mmol) was used. The title compound was obtained as a colorless solid (16.9 mg, 0.041, 89%). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.33 (d, J = 5.7 Hz, 1 H), 7.84 (s, 1 H), 7.72 (s, 1 H), 7.54 (d, 
J = 8.9 Hz, 1 H), 7.05 (d, J = 8.9 Hz, 1 H), 6.92 (s, 1 H), 6.67 (d, J = 5.7 Hz, 1 H), 5.30 (bs, 1 H), 4.63 (quint, 
J = 6.0 Hz, 1 H), 4.61 (d, J = 5.3 Hz, 1 H), 1.43 (d, J = 6.0 Hz, 1 H). 
13C-NMR (126 MHz, CDCl3): δ [ppm] = 154.2, 153.6, 150.4, 148.9, 144.5, 130.0, 125.1, 123.0, 120.6, 
119.9, 115.6, 109.2, 104.8, 72.55, 38.48, 21.88. 




The compound was prepared according to GP4. 3-Chloro-4-cyclopropoxyaniline 3.41b (10 mg, 0.050 
mmol) was used. The title compound was obtained as yellowish solid (12.3 mg, 0.0.30 mmol, 60%). 
1H-NMR (500 MHz, CDCl3): δ [ppm] = 8.32 (m, 1 H), 7.85 (bs, 1 H), 7.71 (d, J = 2.3 Hz, 1 H), 7.58 (dd, J = 
8.9 Hz, J = 2.4 Hz, 1 H), 7.43 (d, J = 8.9 Hz, 1 H), 6.62 (s, 1 H), 6.68 – 6.67 (m, 1 H), 5.33 (bs, 1 H), 4.60 
(d, J = 4.7 Hz, 2 H), 3.88 – 3.85 (m, 1 H), 0.90 (m, 4 H). 
13C-NMR (126 MHz, CDCl3): δ [ppm] = 153.6, 152.8, 150.4, 149.0, 130.9, 124.3, 123.4, 122.8, 122.5, 
120.1, 119.8, 115.5, 113.4, 109.2, 104.7, 51.8, 38.50. 5.04. 








The compound was prepared according to GP4. 3-Chloro-4-cyclobutoxyaniline 3.42b (27 mg, 
0.120 mmol) was used. The title compound was obtained as a colorless solid (4.1 mg, 0.010 mmol, 
12% brsm). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.34 (d, J = 5.7 Hz, 1 H), 7.82 (s, 1 H), 7.73 (d, J = 2.6 Hz, 1 H), 7.52 
(dd, J = 8.9 Hz, J = 2.7 Hz, 1 H), 6.92 (d, J = 2.3 Hz, 1 H), 6.89 (d, J = 8.9 Hz, 1 H), 6.67 (dd, J = 5.7 Hz, 
J = 2.3 Hz, 1 H), 5.17 (bs, 1 H), 4.75 (quint, J = 7.7 Hz, 1 H), 2.54  – 2.49  (m, 2 H), 2.32 – 2.26 (m, 2 H), 
1.96 – 1.92 (m, 1 H) 1.79 – 1.73 (m, 1 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 154.7, 153.1, 150.5, 149.2, 131.2, 124.5, 123.6, 123.0, 122.6, 
120.1, 119.8, 115.5, 113.4, 109.2, 104.7, 77.1, 38.51, 14.1. 




The compound was prepared according to GP4. 3-Chloro-4-(oxetan-3-yloxy)aniline 3.43b (11 mg, 
0.050 mmol) was used. The title compound was obtained as a colorless solid (10.9 mg, 0.026 mmol, 
52%). 
1H-NMR (500 MHz, CDCl3): δ [ppm] = 8.31 (d, J = 5.7 Hz, 1 H), 7.84 (s, 1 H), 7.78 (d, J = 2.4 Hz, 1 H), 7.54 
(dd, J = 8.7 Hz, J = 2.4 Hz, 1 H), 6.91 (d, J = 2.0 Hz, 1 H), 6.66 (dd, J = 5.7 Hz, J = 2.0 Hz, 1 H), 6.61 (d, 
J = 8.7 Hz, 1 H), 5.32 – 5.27 (m, 1 H), 5.04 – 5.01 (m, 2 H), 4.86 – 4.84 (m, 2 H), 4.61 (d, J = 5.5 Hz, 2 H). 
13C-NMR (126 MHz, CDCl3): δ [ppm] = 153.6, 152.8, 150.4, 149.0, 130.9, 124.3, 123.4, 122.8, 122.5, 
120.1, 119.8, 115.5, 113.4, 109.2, 104.7, 77.41, 71.54, 38.48. 








The compound was prepared according to GP4. 3-Chloro-4-((tetrahydrofuran-3-yl)oxy)aniline 3.44b 
(12 mg, 0.050 mmol) was used. The title compound was obtained as a colorless solid (13.3 mg, 
0.030 mmol, 61%). 
1H-NMR (500 MHz, CDCl3): δ [ppm] = 8.31 (d, J = 5.7 Hz, 1 H), 7.85 (s, 1 H), 7.75 (d, J = 2.0 Hz, 1 H), 7.56 
(dd, J = 8.3 Hz, J = 2.0 Hz, 1 H), 6.91 (d, J = 8.3 Hz, 1 H), 6.90 (d, J = 1.8 Hz, 1 H), 6.66 (dd, J = 5.7 Hz, 
J = 1.8 Hz, 1 H), 5.35 (m, 1 H), 5.02 (m, 1 H), 4.61 (d, J = 5.3 Hz, 2 H), 4.08 – 4.02 (m, 3 H), 3.98 – 3.94 
(m, 1 H), 22.8 – 2.20 (m, 2 H). 
1H-NMR (126 MHz, CDCl3): δ [ppm] = 153.7, 152.9, 150.5, 149.1, 131.2, 124.4, 123.5, 122.9, 122.6, 
120.2, 119.9, 115.6, 113.5, 109.3, 104.8, 82.13, 80.12, 71.55, 38.49, 32.05. 




The compound was prepared according to GP4. 3-Chloro-4-phenoxyaniline 3.45b (75 mg, 0.342 mmol) 
was used. The title compound was obtained as a colorless solid (43 mg, 0.337 mmol, > 98%). 
1H-NMR (500 MHz, acetone-d6): δ [ppm] = 8.32 (d, J = 5.6 Hz, 1 H), 7.89 (s, 1 H), 7.85 (d, J = 2.6 Hz, 1 H), 
7.54 (dd, J = 8.9 Hz, J = 2.6 Hz, 1 H), 7.39 (m, 2 H), 7.19 (m, 1 H), 7.05 (m, 3 H), 6.92 (d, J = 2.2 Hz, 1 H), 
6.67 (d, J = 5.7 Hz, J = 2.3 Hz, 1 H), 5.34 – 5.31 (m, 1 H), 4.62 (d, J = 5.6 Hz, 2 H). 
13C-NMR (126 MHz, DMSO-d6): δ [ppm] = 155.9, 153.7, 153.5, 150.3, 149.0, 148.6, 144.9, 132.4, 130.1, 
126.5, 124.4, 123.5, 123.1, 120.3, 120.0, 119.9, 111.1, 109.2, 104.8, 38.43. 




Freshly distilled DIPEA (2.86 mL, 2.06 g, 20.4 mmol) was dissolved in anhydrous THF (16 mL) and cooled 
to –100 °C, followed by the slow addition of nBuLi (2.5 M in THF, 8.0 mL, 20.0 mmol). The solution was 




stirred for 30 minutes at this temperature and 2-chloro-6-(trifluoromethyl)pyridine (1.81 g, 
10.0 mmol) in anhydrous THF (2.4 mL) was added slowly. The reaction mixture was stirred for 2 h and 
I2 (2.53 g, 10.0 mmol) in anhydrous THF (2.4 mL) was added very slowly keeping the reaction 
temperature below –80 °C. The reaction mixture was stirred for 2 h at approximately –80 °C and then 
H2O was added slowly. The reaction mixture was extracted with EtOAc and dried over Na2SO4. The 
solvent was evaporated under reduced pressure and automated column chromatography (PE/EtOAc) 
afforded a mixture of regioisomers (2:1, 2.14 g, 0.696 mmol, 70%). 
LC-MS: m/z: 308 (M+H)+ 
1H-NMR (4.12) (300 MHz, acetone-d6): δ [ppm] = 8.09 (d, J = 1.8 Hz, 1 H), 8.08 (d, J = 1.8 Hz, 1 H). 
13C-NMR (4.12) (76 MHz, acetone-d6): δ [ppm] = 152.3, 148.5, 16.2, 128.5, 119.8, 107.5. 
1H-NMR (iso-4.12) (300 MHz, acetone-d6): δ [ppm] = 8.50 (d, J = 8.0 Hz, 1 H), 7.47 (d, J = 8.0 Hz, 1 H). 
13C-NMR (iso-4.12) (76 MHz, acetone-d6): δ [ppm] = 155.5, 150.5, 148.1, 120.7, 119.8, 99.21. 
2-chloro-6-(trifluoromethyl)isonicotinic acid 4.13/2-chloro-6-(trifluoromethyl)nicotinic acid iso-4.13 
 
To a solution of LiMg(nBu)3 (0.7 M in THF, 1.71 mL, 1.20 mmol) in anhydrous THF (2 mL) the mixture 
of 2-chloro-4-iodo-6-(trifluoromethyl)pyridine 4.12/2-chloro-3-iodo-6-(trifluoromethyl)pyridine 
iso-4.12 (308 mg, 1.00 mmol) in anhydrous THF (2 mL) was added slowly at 0 °C. After 15 minutes CO2 
was bubbled through the reaction mixture for 30 minutes. The reaction was quenched with 1 M HCl 
and extracted with EtOAc, dried over Na2SO4, filtered and the solvent was removed in vacuo. The crude 
product was directly used in the next step without further purification. 
LC-MS: m/z: 224 (M-H)- 
1H-NMR (4.13) (300 MHz, acetone-d6): δ [ppm] = 8.23 (s, 1 H), 8.18 (s, 1 H). 
13C-NMR (4.13) (76 MHz, acetone-d6): δ [ppm] = 167.5, 153.5, 149.8, 141.2, 128.0, 120.5, 119.1. 
1H-NMR (iso-4.13) (300 MHz, acetone-d6): δ [ppm] = 8.60 – 8.59 (m, 1 H), 8.04 – 8.02 (m, 1 H). 
13C-NMR (iso-4.13) (76 MHz, acetone-d6): δ [ppm] = 165.1, 150.5, 149.8, 134.6, 132.1, 121.7, 121.0. 
Tert-butyl (2-chloro-6-(trifluoromethyl)pyridin-4-yl)carbamate 4.15 





To a solution of 2-chloro-6-(trifluoromethyl)isonicotinic acid 4.13/2-chloro-6-(trifluoromethyl)nicotinic 
acid iso-4.13 was dissolved in anhydrous toluene (3 mL) and anhydrous NEt3 (0.47 mL, 3.34 mmol) was 
added DPPA (0.45 mL, 1.67 mmol). The reaction mixture was stirred at 100 °C for 20 h and allowed to 
cool to room temperature. Then, KOtBu (123 mg, 1.10 mmol) was suspended in anhydrous toluene 
(2 mL) and added to the reaction mixture at 0 °C.  The reaction mixture was stirred for 30 minutes and 
allowed to warm to room temperature and was then extracted with EtOAc. The combined organic 
layers were washed with Brine and dried over Na2SO4. The solvent was removed under reduced 
pressure and automated flash chromatography (PE/EtOAc) afforded the title compound as a white 
solid (74.5 mg, 0.251 mmol, 25% over two steps). 
LC-MS: m/z: 240 (M+H-tBu)+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 7.63 (bs, 1 H), 7.61 (bs, 1 H), 6.86 (bs, 1 H), 1.55 (s, 9 H). 
Tert-butyl (2-chloro-6-(trifluoromethyl)pyridin-4-yl)(prop-2-yn-1-yl)carbamate 4.16 
 
To a stirred solution of tert-butyl (2-chloro-6-(trifluoromethyl)pyridin-4-yl)carbamate 4.15 (593 mg, 
2.00 mmol) in DMF (5 mL) at 0°C was added NaH (60 wt%)  (92.1 mg, 2.40 mmol) propargyl bromide 
(72.17 mg, 2.4 mmol). The reaction was stirred for 1 h and then propargylbromide (182 µL, 2.40 mmol) 
was added dropwise and stirred for 5 h at r.t. The reaction was then added on ice water followed by 
extraction with EtOAc, dried over MgSO4 and evaporated under reduced pressure. After automated 
flash chromatography (PE/EtOAc) the title compound was obtained as an orange solid (649 mg, 
1.94 mmol, 97%). 
LC-MS: m/z: 279 (M+H-tBu)+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 7.82 – 7.81 (m, 1 H), 7.63 – 7.62 (m, 1 H), 4.50 – 4.48 (m, 2 H), 
2.40 – 2.39 (m, 1 H), 1.57 (s, 9 H). 
2-Chloro-N-(prop-2-yn-1-yl)-6-(trifluoromethyl)pyridin-4-amine 4.17 





To tert-butyl (2-chloro-6-(trifluoromethyl)pyridin-4-yl)(prop-2-yn-1-yl)carbamate 4.16 (502 mg, 
1.50 mmol) dissolved in DCM (9 mL) was added TFA (1 mL). After stirring at r.t. for 5 h the mixture was 
cooled to 0°C followed by the addition of saturated NaHCO3 solution and extraction with DCM. The 
combined organic layers were dried over MgSO4 and concentrated under reduced pressure. 
Automated flash chromatography (PE/EtOAc) gave the title compound as a white solid (346 mg, 
1.48 mmol, > 98%). 
LC-MS: m/z: 235 (M+H)+ 
1H-NMR (300 MHz, acetone-d6): δ [ppm] = 7.09 (d, J = 2.0 Hz, 1 H), 7.03 (bs, 1 H), 6.87 (d, J = 2.0 Hz, 
1 H), 4.19 (dd, J = 6.0 Hz, J = 2.6 Hz, 2 H), 2.88 (bs, 2 H), 2.82. (t, J = 2.5 Hz, 1 H). 




To a solution of 4-phenoxyaniline (18.5 mg, 0.100 mmol) in MeCN (1 mL) was added tert-butyl nitrite 
(0.110 mmol, 12.6 mg, 14.5 µL) at 0 °C. After stirring for 5 minutes trimethylsilylazide (0.110 mmol, 
13.3 mg, 15.2 µL) was slowly added. The mixture was stirred for 1 h and 2-chloro-N-(prop-2-yn-1-yl)-
6-(trifluoromethyl)pyridin-4-amine 4.17 (28.2 mg, 0.120 mmol) was added  at r.t. in one portion. After 
addition of DIPEA (0.120 mmol, 15.5 mg, 20.9 µL), the reaction mixture was purged with argon and 
CuSO4∙5 H2O (2.5 mg, 10 mol%) and Na-ascorbate (3.9 mg, 20 mol%) were added. The mixture was 
again purged with argon and stirred for 16 h at room temperature. Saturated NH4Cl solution was added 
to the reaction mixture and stirred for 5 minutes. Then, EtOAc and saturated EDTA solution were added 
and the mixture was stirred for 15 minutes until the aqueous phase showed a clear blue color. The 
phases were separated and the aqueous phase was extracted with EtOAc three times. The combined 
organic layers were dried over MgSO4, filtered and concentrated in vacuo. The crude product was 
purified via automated flash chromatography (PE/EtOAc) and afforded the title compound as a 
brownish solid (41.5 mg, 0.932 mmol, 93%). 




1H-NMR (300 MHz, CDCl3): δ [ppm] = 7.90 (s, 1 H), 7.67 – 7.64 (m, 2 H), 7.42 – 7.38 (m, 2 H), 7.21 – 7.18 
(m, 1 H), 7.15 – 7.12 (m 2 H), 7.08 – 7.06 (m, 2 H), 6.87 (d, J = 2.0 Hz, 1 H), 6.69 (d, J = 2.0 Hz, 1 H), 5.56 
(bs, 1 H), 4.60 (s, 2 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 158.3, 156.1, 155.3, 152.8, 148.5, 143.8, 131.7, 130.1, 124.3, 
122.4, 120.0, 119.6, 119.2, 108.0, 104.7, 38.55. 
HRMS (ESI): C21H16ClF3N5O+ (M+H)+ calculated: 446.09899 found: 446.09899 
4-(((1-(4-Phenoxyphenyl)-1H-1,2,3-triazol-4-yl)methyl)amino)-6-(trifluoromethyl)pyridin-2-ol 4.19 
 
2-Chloro-N-((1-(4-phenoxyphenyl)-1H-1,2,3-triazol-4-yl)methyl)-6-(trifluoromethyl)  pyridin-4-amine 
4.2 (4.5 mg, 0.010 mmol) was dissolved in 1,4-dioxane (0.10 mL) and purged with argon. The solution 
was added to the pre-weighted catalyst (10 mol% of tBuBrettPhos Pd G3 or tBuXPhos Pd G3) under an 
argon atmosphere. NH3 (0.5 M in 1,4-dioxane, 40 µL, 0.020 mmol) and NaOtBu (2.0 M in 1,4-dioxane,  
11 µL, 0.022 mmol) were added and the mixture was stirred for 24 h in a pre-heated sandbath at 80 °C. 
The reaction mixture was quenched with HOAc (0.01 mL) in MeCN (0.49 mL). Extraction with EtOAc  





4.2 (112 mg, 0.250 mmol) was dissolved in toluene (2.5 mL) and Cs2CO3 (326 mg, 1.00 mmol) was 
added. The reaction mixture was purged with argon and benzylamine (110 µL, 107 mg, 1.00 mmol), 
CataCXium A (10 mg, 10 mol%) and Pd2dba3 (23 mg, 10 mol%) were added. The reaction mixture was 
purged with argon for 15 min and was stirred in a pre-heated oil bath for 24 h at 120 °C. The mixture 




was then filtered over silica gel and purified via automated flash chromatography (PE/EtOAc) and 
afforded the title compound as a yellow solid (101 mg, 0.171 mmol, 68%). 
LC-MS: m/z: 591 [M+H]+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 7.67 (s, 1 H), 7.61 – 7.59 (m, 3 H), 7.42 – 7.39 (m, 3 H), 7.38 – 7.33 
(m, 4 H), 7.33 – 7.27 (m, 2 H), 7.23 – 7.17 (m, 2 H), 7.16 – 7.12 (m, 2 H), 7.09 – 7.06 (m, 2 H), 6.84 – 6.83 





4.2 (112 mg, 0.250 mmol) was dissolved in 1,4-dioxane (2.5 mL) and NaOtBu (2 M in THF, 0.50 mL, 
1.00 mmol) was added. The reaction mixture was purged with argon and benzylamine (110 µL, 107 mg, 
1.00 mmol), [Pd(cinnamyl)Cl]2 (13 mg, 10 mol%) and BippyPhos (25 mg, 20 mol%) were added. The 
reaction mixture was purged with argon for 15 min and was stirred in a pre-heated oil bath for 24 h at 
80 °C. The mixture was then filtered over silica gel and purified via automated flash chromatography 
(PE/EtOAc) and afforded the title compound as a brown solid (45 mg, 0.087 mmol, 35%). 
LC-MS: m/z: 517 [M+H]+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 7.67 (s, 1 H), 7.61 – 7.59 (m, 2 H), 7.42 – 7.39 (m, 2 H), 7.36 – 7.33 
(m, 2 H), 7.31 – 7.28 (m, 2 H), 7.22 – 7.17 (m, 2 H), 7.15 – 7.11 (m, 2 H), 7.09 – 7.07 (m, 2 H), 5.64 (d, 









4.2 (112 mg, 0.250 mmol) was dissolved in 1,4-dioxane (2.5 mL) and NaOtBu (2 M in THF, 0.50 mL, 
1.00 mmol) was added. The reaction mixture was purged with argon and tert-butyl amine (105 µL, 
73 mg, 1.00 mmol), [Pd(cinnamyl)Cl]2 (13 mg, 10 mol%) and BippyPhos (25 mg, 20 mol%) were added. 
The reaction mixture was purged with argon for 15 min and was stirred in a pre-heated oil bath for 
24 h at 80 °C. The mixture was then filtered over silica gel. 
LC-MS: m/z: 483 [M+H]+ 
N4-((1-(4-phenoxyphenyl)-1H-1,2,3-triazol-4-yl)methyl)-6-(trifluoromethyl)pyridine-2,4-diamine 4.1 
 
A crimp vial was charged with 2-chloro-N-((1-(4-phenoxyphenyl)-1H-1,2,3-triazol-4-yl)methyl)-6-
(trifluoromethyl)pyridin-4-amine 4.2 (45 mg, 0.100 mmol), tert-butyl carbamate (23 mg, 0.200 mmol) 
and Cs2CO3 (72 mg, 0.220 mmol). 1,4-dioxane (1.1 mL) was added and the reaction mixture was purged 
with argon for 5 minutes. After addition of Pd-175 (3.9 mg, 5 mol%) the mixture was purged with argon 
for further 5 minutes and the vial was heated at 90 °C. After stirring for 16 hours the reaction mixture 
was filtered and subjected to automated flash chromatography using DCM/MeOH as an eluent which 
yielded the desired product as a beige solid (16.7 mg, 0.392 mmol, 39%). 
1H-NMR (500 MHz, acetone-d6): δ [ppm] = 9.56 (bs, 1 H), 8.51 (s, 1 H), 7.89 – 7.86 (m, 2 H), 7.46 – 7.42 
(m, 2 H), 7.22 – 7.20 (m, 1 H), 7.19 – 7.16 (m, 2 H), 7.11 – 7.09 (m, 2 H), 6.70 (d, J = 1.7 Hz, 1 H), 6.69 – 
6.67 (m, 1 H), 6.03 (s, 1 H), 4.59 (d, J = 5.8 Hz, 2 H). 
13C-NMR (76 MHz, DMSO-d6): δ [ppm] = 165.3, 157.9, 157.1, 156.9, 145.8, 133.0, 130.5, 124.5, 122.4, 
121.1, 119.9, 100.7, 91.96, 38.45. 
HRMS (ESI): C21H18F3N6O+ (M+H)+ calculated: 427.14887 found: 427.13721 
1-Fluoro-2-(4-nitrophenoxy)benzene 5.1a 
 
The compound was prepared according to GP5. 3-Fluorophenol (0.18 mL, 224 mg, 2.00 mmol), 
1-chloro-4-nitrobenzene (315 mg, 2.00 mmol) and K2CO3 (828 mg, 6.00 mmol) were used.  The title 
compound was obtained as a red solid (460 mg, 1.97 mmol, > 98%). 




LC-MS: m/z: 234 (M+H)+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.24 – 8.20 (m, 2 H), 7.26 – 7.24 (m, 2 H), 7.22 – 7.21 (m, 1 H), 
7.21 – 7.20 (m, 1 H), 7.03 – 7.00 (m, 2 H). 
1-Fluoro-3-(4-nitrophenoxy)benzene 5.2a 
 
The compound was prepared according to GP5. 3-Fluorophenol (0.18 mL, 224 mg, 2.00 mmol), 
1-chloro-4-nitrobenzene (315 mg, 2.00 mmol) and K2CO3 (828 mg, 6.00 mmol) were used.  The title 
compound was obtained as a brown solid (462 mg, 1.98 mmol, > 98%). 
LC-MS: m/z: 234 (M+H)+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = cs954 
4-(2-Fluorophenoxy)aniline 5.1b 
 
The compound was prepared according to GP7 with EtOH as solvent. 1-Fluoro-2-(4-
nitrophenoxy)benzene 5.1a (117 mg, 0.500 mmol) was used and the title compound was isolated as a 
yellow solid (101 mg, 0.496 mmol, > 98%). 
LC-MS: m/z: 204 (M+H)+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 7.17 – 7.13 (m, 1 H), 7.05 – 6.98 (m, 2 H), 6.94 – 6.90 (m, 1 H), 
6.89 – 6.86 (m, 2 H), 6.69 – 6.66 (m, 2 H), 3.59 (bs, 2 H). 




The compound was prepared according to GP7 with EtOH as solvent. 1-Fluoro-3-(4-
nitrophenoxy)benzene 5.2a (117 mg, 0.500 mmol) was used and the title compound was isolated as a 
yellow solid (101 mg, 0.497 mmol, > 98%). 




LC-MS: m/z: 204 (M+H)+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 7.24 – 7.19 (m, 1 H), 6.91 – 6.87 (m, 2 H), 6.73 – 6.69 (m, 4 H), 
6.65 – 6.61 (m, 1 H), 3.63 (bs, 2 H). 





The compound was prepared according to GP4. 4-(2-Fluorophenoxy)aniline 5.1b (20 mg, 0.100 mmol) 
was used. The title compound was obtained as yellow solid after purification via automated flash 
chromatography (4.1 mg, 0.095 mmol, 95%). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.33 (d, J = 5.7 Hz, 1 H), 7.87 (s, 1 H), 7.66 – 7.63 (m, 2 H), 
7.24 – 7.14 (m, 4 H), 7.12 – 7.09 (m, 2 H), 6.93 (d, J = 2.1 Hz, 1 H), 6.69 (dd, J = 5.8 Hz, J = 2.3 Hz, 1 H), 
5.26 (bs, 1 H), 4.61 (d, J = 5.5 Hz, 2 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 158.2, 153.7, 150.2, 144.4, 131.9, 125.9, 125.0, 122.4, 119.9, 
117.7, 117.4, 109.3, 104.7, 38.56. 




The compound was prepared according to GP4. 4-(3-Fluorophenoxy)aniline 5.2b (20 mg, 0.100 mmol) 
was used. The title compound was obtained as yellow solid after purification via automated flash 
chromatography (4.0 mg, 0.093 mmol, 93%). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.33 (d, J = 5.3 Hz, 1 H), 7.89 (s, 1 H), 7.71 – 7.69 (m, 2 H), 
7.36 – 7.32 (m, 1 H), 7.19 – 7.16 (m, 2 H), 6.95 (d, J = 2.1 Hz, 1 H), 6.89 (ddd, J = 8.2 Hz, J = 2.3 Hz, J = 




0.8 Hz, 1 H), 6.84 (dd, J = 8.2 Hz, J = 2.3 Hz, 1 H), 6.77 (ddd, J = 9.9 Hz, J = 2.4 Hz, 1 H), 6.70 (dd, J = 
5.7 Hz, J = 1.9 Hz, 1 H), 5.33 (bs, 1 H), 4.63 (d, J = 5.3 Hz, 2 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 157.2, 153.7, 150.1, 144.5, 132.5, 130.9, 122.5, 119.9, 114.7, 
114.6, 111.0, 110.9, 109.3, 106.9, 106.7, 104.8, 38.58. 
HRMS (ESI): C21H16F4N5O+ (M+H)+ calculated: 430.12855 found: 430.12796 
2-Fluoro-3-(4-nitrophenoxy)pyridine 5.6a 
 
The compound was prepared according to GP5. 2-Fluoropyridin-3-ol (0.21 mL, 282 mg, 2.00 mmol), 
1-fluoro-4-nitrobenzene (226 mg, 2.00 mmol) and K2CO3 (828 mg, 6.00 mmol) were used.  The title 
compound was obtained as a brown solid (461 mg, 1.97 mmol, > 98%). 
LC-MS: m/z: 235 (M+H)+ 
1H-NMR (300 MHz, DMSO-d6): δ [ppm] = 8.29 – 8.26 (m, 2 H), 8.19 – 8.16 (m, 1 H), 8.02 – 7.98 (m, 1 H), 
7.52 – 7.50 (m, 1 H), 7.26 – 7.23 (m, 2 H). 




The compound was prepared according to GP7 with DCM as solvent. 2-Fluoro-3-(4-
nitrophenoxy)pyridine 5.6a (76 mg, 0.325 mmol) was used and the title compound was isolated as a 
yellow solid (64 mg, 0.315 mmol, 97%). 
LC-MS: m/z: 205 (M+H)+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 7.86 – 7.85 (m, 1 H), 7.25 – 7.21 (m, 1 H), 7.09 – 7.06 (m, 1 H), 
6.90 – 6.87 (m, 2 H), 6.74 – 6.71 (m, 2 H), 3.60 (bs, 2 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 153.8, 147.8, 143.2, 139.6, 127.3, 122.0, 120.8, 116.8. 
N-((1-(4-((2-fluoropyridin-3-yl)oxy)phenyl)-1H-1,2,3-triazol-4-yl)methyl)-2-(trifluoromethyl)pyridin-
4-amine 5.7 





The compound was prepared according to GP4. 4-((2-Fluoropyridin-3-yl)oxy)aniline 5.6b (20 mg, 0.100 
mmol) was used. The title compound was obtained as yellowish solid (23 mg, 0.056 mmol, 56%). 
1H-NMR (500 MHz, acetone-d6): δ [ppm] = 8.53 (s, 1 H), 8.22 – 8.21 (m, 1 H), 8.06 (m, 1 H), 7.91 – 7.89 
(m, 2 H), 7.77 – 7.73 (m, 1 H), 7.42 – 7.40 (m, 1 H), 7.27 – 7.25 (m, 2 H), 7.12 (s, 1 H), 6.89 – 6.88 (m, 
1 H), 6.80 (bs, 1 H), 4.66 (d, J = 5.7 Hz, 2 H). 
13C-NMR (126 MHz, acetone-d6): δ [ppm] = 157.5, 157.1, 155.5, 155.2, 151.1, 146.4, 143.2, 143.1, 
139.4, 139.7, 134.2, 132.3, 124.0, 123.1, 121.8, 119.5, 38.84. 




The compound was prepared according to GP4. 4-(pyridin-3-yloxy)aniline (19 mg, 0.100 mmol) was 
used. The title compound was obtained as yellowish solid (23 mg, 0.056 mmol, 56%). 
1H-NMR (300 MHz, acetone-d6): δ [ppm] = 8.54 (s, 1 H), 8.43 – 8.41 (m, 2 H), 8.22 – 8.21 (m, 1 H), 
7.91 – 7.90 (m, 2 H), 7.51 – 7.49 (m, 1 H), 7.45 – 7.43 (m, 1 H), 7.27 – 7.25 (m, 2 H), 7.14 (s, 1 H), 
6.89 – 6.88 (m, 1 H), 6.81 (bs, 1 H), 4.66 (d, J = 5.7 Hz, 2 H). 
13C-NMR (126 MHz, acetone-d6): δ [ppm] = 157.8, 155.5, 154.2, 151.1, 146.4, 146.2, 142.5, 134.2, 
126.9, 125.5, 124.3, 123.1, 122.1, 121.8, 120.6, 38.85. 








N-((1-(4-bromophenyl)-1H-1,2,3-triazol-4-yl)methyl)-2-(trifluoromethyl)pyridin-4-amine 3.22 (40 mg, 
0.100 mmol), indole (42 mg, 0.100 mmol), K2CO3 (69 mg, 0.500 mmol) and L-proline (1.2 mg, 10 mol%) 
were dissolved in DMSO (0.5 mL). The reaction mixture was purged with argon and CuI (1.0 mg, 
5 mol%) was added. The reaction mixture was heated at 80 °C for 3 d and was then allowed to cool to 
room temperature. H2O was added and the mixture was extracted with EtOAc, dried over Na2SO4, 
filtered and concentrated in vacuo. The crude product was purified via automated flash 
chromatography (PE/EtOAc) and gave the title compound was a slightly yellow solid (35.4 mg, 
0.082 mmol, 82%) 
1H-NMR (300 MHz, acetone-d6): δ [ppm] = 8.36 (d, J = 5.7 Hz, 1 H), 7.97 (s, 1 H), 7.90 – 7.88 (m, 2 H), 
7.73 (s, 1 H), 7.71 – 7.69 (m, 2 H), 7.60 (d, J = 8.2 Hz, 1 H), 7.38 (d, J = 3.4 Hz, 1 H), 7.28 (dd, J = 7.3 Hz, 
1 H), 7.22 (d, J = 8.2 Hz, 1 H), 6.95 (d, J = 2.3 Hz, 1 H), 6.76 (d, J = 3.2 Hz, 1 H), 670 (dd, J = 5.7 Hz, 
J = 2.3 Hz, 1 H), 5.21 (bs, 1 H), 4.66 (d, J = 5.7 Hz, 2 H). 
13C-NMR (76 MHz, CDCl3) δ [ppm] = 153.8, 143.7, 138.6, 135.0, 132.6, 129.7, 122.4, 119.1, 118.9, 116.5, 
116.3, 116.2, 110.7, 109.5, 109.3, 108.9, 108.5, 102.6, 38.90. 
HRMS (ESI): C23H18F3N6+ (M+H)+ calculated: 435.15396 found: 435.15339 
1-(4-nitrophenyl)-1H-pyrrolo[2,3-c]pyridine 5.12a 
 
The compound was prepared according to GP6. 1H-pyrrolo[2,3-c]pyridine (236 mg, 2.00 mmol), 
1-chloro-4-nitrobenzene (316 mg, 2.00 mmol), Cs2CO3 (1.97 g, 6.00 mmol) in DMF (4 mL) were used. 
The title compound was obtained as a yellow solid (473 mg, 1.98 mmol, > 98%). 
LC-MS: m/z: 240 (M+H)+ 
1H-NMR (300 MHz, CDCl3) δ [ppm] = 9.05 (s, 1 H), 8.48 – 8.45 (m, 2 H), 8.40 (d, J = 5.3 Hz, 1 H), 7.75 – 
7.72 (m, 2 H), 7.61 (dd, J = 5.3 Hz, J = 1.1 Hz, 1 H), 7.55 (d, J = 3.2 Hz, 1 H), 6.81 (dd, J = 3.3 Hz, J = 0.8 
Hz, 1 H). 
1-(4-Nitrophenyl)-1H-pyrrolo[2,3-b]pyridine 5.13a 
 




The compound was prepared according to GP6. 1H-pyrrolo[2,3-b]pyridine (236 mg, 2.00 mmol), 
1-chloro-4-nitrobenzene (316 mg, 2.00 mmol) and Cs2CO3 (1.97 g, 6.00 mmol) in DMF (4 mL) were 
used. The title compound was obtained as a yellow solid (471 mg, 1.97 mmol, > 98%). 
LC-MS: m/z: 240 (M+H)+ 
1H-NMR (300 MHz, CDCl3) δ [ppm] = 8.42 (dd, J = 4.7 Hz, J = 1.5 Hz, 1 H), 8.41 – 8.39 (m, 2 H), 8.16 – 
8.13 (m, 2 H), 8.01 (dd, J = 7.9 Hz, J = 1.5 Hz, 1 H), 7.61 (d, J = 3.8 Hz, 1 H), 7.22 (dd, J = 7.8 Hz, J = 4.7 
Hz, 1 H), 6.74 (d, J = 3.8 Hz, 1 H). 
1-(4-nitrophenyl)-1H-benzo[d]imidazole 5.14a 
 
The compound was prepared according to GP6. Benzimidazole (236 mg, 2.00 mmol), 1-chloro-4-
nitrobenzene (316 mg, 2.00 mmol) and Cs2CO3 (1.97 g, 6.00 mmol) in DMF (4 mL) were used. The title 
compound was obtained as a yellow solid (382 mg, 1.60 mmol, 80%). 
LC-MS: m/z: 240 (M+H)+ 
1H-NMR (300 MHz, CDCl3) δ [ppm] = 8.51 – 8.48 (m, 2 H), 8.20 (s, 1 H), 7.94 – 7.91 (m, 1 H), 7.78 – 7.75 
(m, 2 H), 7.64 – 7.61 (m, 1 H), 7.44 – 7.40 (m, 2 H). 
1-(4-Nitrophenyl)-1H-indazole 5.15a 
 
The compound was prepared according to GP6. Indazole (236 mg, 2.00 mmol), 1-chloro-4-
nitrobenzene (316 mg, 2.00 mmol) and Cs2CO3 (1.97 g, 6.00 mmol) in DMF (4 mL) were used. The title 
compound was obtained as a yellow solid (418 mg, 1.75 mmol, 88%). 
LC-MS: m/z: 240 (M+H)+ 
1H-NMR (300 MHz, CDCl3) δ [ppm] = 8.45 – 8.42 (m, 2 H), 8.29 (d, J = 0.8 Hz, 1 H), 8.02 – 7.98 (m, 2 H), 
7.89 – 7.85 (m, 2 H), 7.57 – 7.53 (m, 1 H), 7.35 – 7.32 (m, 1 H). 
4-(1H-pyrrolo[2,3-c]pyridin-1-yl)aniline 5.12b 
 




The compound was prepared according to GP7. 1-(4-nitrophenyl)-1H-pyrrolo[2,3-c]pyridine 5.12a 
(473 mg, 1.98 mmol) was used and the title compound was obtained as a yellow solid (266 mg, 
1.27 mmol, 64%). 
LC-MS: m/z: 210 (M+H)+ 
1H-NMR (300 MHz, CDCl3) δ [ppm] = 8.81 – 8.75 (m, 1 H), 8.28 (d, J = 6.1 Hz, 1 H), 7.63 – 7.59 (m, 1 H), 
7.47 – 7.43 (m, 1 H), 7.38 – 7.34 (m, 1 H), 7.26 – 7.25 (m, 1 H), 7.20 – 7.17 (m, 1 H), 6.84 – 6.80 (m, 1 
H), 6.68 – 6.65 (m, 1 H). 
4-(1H-pyrrolo[2,3-b]pyridin-1-yl)aniline 5.13b 
 
The compound was prepared according to GP7. 1-(4-nitrophenyl)-1H-pyrrolo[2,3-b]pyridine 5.13a 
(120 mg, 0.500 mmol) was used and the title compound was obtained as a yellowish solid (104 mg, 
0.498 mmol, > 98%). 
LC-MS: m/z: 210 (M+H)+ 
4-(1H-benzo[d]imidazol-1-yl)aniline 5.14b 
 
The compound was prepared according to GP7. 1-(4-nitrophenyl)-1H-benzo[d]imidazole 5.14a 
(120 mg, 0.500 mmol) was used and the title compound was obtained as an orange solid (103 mg, 
0.492 mmol, > 98%). 
LC-MS: m/z: 210 (M+H)+ 
4-(1H-indazol-1-yl)aniline 5.15b 
 
The compound was prepared according to GP7. 1-(4-nitrophenyl)-1H-indazole 5.15a (120 mg, 
0.500 mmol) was used and the title compound was obtained as a brownish solid (91.5 mg, 0.438 mmol, 
88%). 
LC-MS: m/z: 210 (M+H)+ 







The title compound was prepared according to GP4. 4-(1H-pyrrolo[2,3-c]pyridin-1-yl)aniline 5.12b 
(21 mg, 0.100 mmol) was used in the reaction and the title compound was obtained as a yellow solid 
(43.2 mg, 0.099 mmol, > 98%). 
LC-MS: m/z: 437 (M+H)+ 
1H-NMR (300 MHz, CDCl3) δ [ppm] = 9.00 (bs, 1 H), 8.41 (bs, 1 H), 8.36 (d, J = 5.7 Hz, 1 H), 8.00 (s, 1 H), 
7.97 – 7.93 (m, 2 H), 7.75 – 7.71 (m, 2 H), 7.53 (d, J = 2.9 Hz, 1 H), 6.95 (d, J = 2.3 Hz, 1 H), 6.78 (d, 
J = 3.2 Hz, 1 H), 6.72 – 6.70 (m, 1 H), 5.19 (bs, 1 H), 4.66 (d, J = 5.5 Hz, 1 H). 
13C-NMR (76 MHz, CDCl3) δ [ppm] = 153.7, 143.6, 139.7, 138.5, 134.9, 132.6, 129.7, 122.4, 119.1, 118.9, 




The title compound was prepared according to GP4. 4-(1H-pyrrolo[2,3-b]pyridin-1-yl)aniline 5.13b 
(21 mg, 0.100 mmol) was used in the reaction and the title compound was obtained as a yellow solid 
(43.1 mg, 0.099 mmol, > 98%). 
1H-NMR (300 MHz, CDCl3) δ [ppm] = 8.41 (dd, J = 4.6 Hz, J = 1.4 Hz, 1 H), 8.36 (d, J = 5.7 Hz, 1 H), 
8.03 – 8.02 (m, 2 H), 8.02 – 8.00 (m, 1 H), 7.95, (s, 1 H), 7.90 – 7.86 (m, 2 H), 7.58 (d, J = 3.7 Hz, 1 H), 
7.21 – 7.18 (m, 1 H), 6.95 (d, J = 2.4 Hz, 1 H), 6.71 – 6.70 (m, 2 H), 5.20 (bs, 1 H), 4.65 (d, J = 5.5 Hz, 1 H). 
13C-NMR (76 MHz, CDCl3) δ [ppm] = 153.7, 147.9, 140.3, 138.5, 134.8, 132.6, 129.8, 122.6, 119.4, 119.2, 
116.5, 116.4, 116.3, 111.6, 108.8, 108.3, 102.4, 38.89. 
HRMS (ESI): C22H17F3N7+ (M+H)+ calculated: 436.14921 found: 436.14862 
N-((1-(4-(1H-benzo[d]imidazol-1-yl)phenyl)-1H-1,2,3-triazol-4-yl)methyl)-2-(trifluoromethyl) 
pyridin-4-amine 5.18 





The title compound was prepared according to GP4. 4-(1H-benzo[d]imidazol-1-yl)aniline 5.14b (21 mg, 
0.100 mmol) was used in the reaction and the title compound was obtained as a yellow solid (37.6 mg, 
0.086 mmol, 86%). 
1H-NMR (300 MHz, CDCl3) δ [ppm] = 8.37 (d, J = 5.7 Hz, 1 H), 8.18 (bs, 1 H), 8.00 (s, 1 H), 7.99 – 7.96 
(m, 2 H), 7.94 – 7.92 (m, 1 H), 7.76 – 7.72 (m, 2 H), 7.58 (bs, 1 H), 7.41 – 7.39 (m, 2 H), 6.95 (d, J = 2.4 Hz, 
1 H), 6.70 (dd, J = 5.7 Hz, J = 2.3 Hz, 1 H), 5.17 (bs, 1 H), 4.68 (d, J = 5.5 Hz, 1 H). 
13C-NMR (76 MHz, CDCl3) δ [ppm] = 153.6, 150.5, 145.1, 136.9, 136.0, 130.7, 125.3, 124.4, 122.2, 121.0 
119.7, 109.4, 104.8, 38.60. 




The title compound was prepared according to GP4. 4-(1H-indazol-1-yl)aniline 5.15b (21 mg, 
0.100 mmol) was used in the reaction and the title compound was obtained as a yellow solid (43.0 mg, 
0.099 mmol, > 98%). 
1H-NMR (300 MHz, CDCl3) δ [ppm] = 8.36 (d, J = 5.7 Hz, 1 H), 8.26 (s, 1 H), 7.99 (s, 1 H), 7.98 – 7.95 (m, 
2 H), 7.93 – 7.90 (m, 2 H), 7.85 (d, J = 8.0 Hz, 1 H), 7.80 (d, J = 8.7 Hz, 1 H), 7.52 – 7.49 (m, 1 H), 7.30 
(dd, J = 7.5 Hz, 1 H), 6.95 (d, J = 2.1 Hz, 1 H), 6.70 (dd, J = 5.7 Hz, J = 2.4 Hz, 1 H), 5.20 (bs, 1 H), 4.66 (d, 
J = 5.5 Hz, 1 H). 
13C-NMR (76 MHz, CDCl3) δ [ppm] = 153.6, 150.4, 145.1, 136.8, 130.7, 125.3, 124.4, 122.2, 121.0, 120.4, 
119.9, 118.7, 109.3, 104.7, 38.59. 
HRMS (ESI): C22H17F3N7+ (M+H)+ calculated: 436.14921 found: 436.14886 
N-((1-(4-(1H-pyrazolo[4,3-b]pyridin-1-yl)phenyl)-1H-1,2,3-triazol-4-yl)methyl)-2-(trifluoromethyl) 
pyridin-4-amine 5.20 





N-((1-(4-bromophenyl)-1H-1,2,3-triazol-4-yl)methyl)-2-(trifluoromethyl)pyridin-4-amine 3.22 (25 mg, 
0.063 mmol), 1H-pyrazolo[4,3-b]pyridine (7.5 mg, 0.063 mmol) and K3PO4 (26 mg, 0.122 mmol) were 
suspended in DMSO (0.32 mL) and the solution was purged with argon for 10 minutes. DMEDA (10 µL, 
7.3 mg, 0.083 mmol) and CuI (6.3 mg 0.032 mmol) were added and the mixture was purged with argon 
for another 15 minutes. The reaction mixture was then heated for 25 h in a pre-heated oil bath at 
80 °C. After cooling to room temperature H2O was added and the mixture was extracted three times 
with EtOAc, dried over MgSO4, filtered and concentrated in vacuo. Automated flash chromatography 
(PE/EtOAc) afforded the title compound as a yellow solid (10 mg, 0.023 mmol, 37%) 
1H-NMR (500 MHz, acetone-d6): δ [ppm] = 8.07 (bs, 1 H), 7.84 (s, 1 H), 7.68 – 7.67 (m, 1 H), 7.49 – 7.47 
(m, 1 H), 7.36 – 7.35 (m, 2 H), 7.29 – 7.27 (m, 2 H), 6.78 – 6.77 (m, 1 H), 6.62 – 6.61 (m, 1 H), 6.30 (s, 
1 H), 6.05 – 6.04 (m, 1 H), 4.77 (bs, 1 H), 4.00 (s, J = 5.0 Hz, 2 H). 
13C-NMR (125 MHz, acetone-d6): δ [ppm] = 159.8, 155.3, 150.9, 145.4, 145.4, 144.7, 140.8, 139.9, 
134.8, 128.4, 127.6, 126.7, 126.6, 120.3, 120.2, 114.4, 43.11. 




N-((1-(4-bromophenyl)-1H-1,2,3-triazol-4-yl)methyl)-2-(trifluoromethyl)pyridin-4-amine 3.22 (25 mg, 
0.063 mmol), 1H-pyrazolo[3,4-c]pyridine (7.5 mg, 0.063 mmol) and K3PO4 (26 mg, 0.122 mmol) were 
suspended in DMSO (0.32 mL) and the solution was purged with argon for 10 minutes. DMEDA (10 µL, 
7.3 mg, 0.083 mmol) and CuI (6.3 mg 0.032 mmol) were added and the mixture was purged with argon 
for another 15 minutes. The reaction mixture was then heated for 25 h in a pre-heated oil bath at 
80 °C. After cooling to room temperature H2O was added and the mixture was extracted three times 
with EtOAc, dried over MgSO4, filtered and concentrated in vacuo. Automated flash chromatography 
(PE/EtOAc) afforded the title compound as a yellow solid (9.2 mg, 0.021 mmol, 33%) 




1H-NMR (500 MHz, acetone-d6): δ [ppm] = 9.42 (s, 1 H), 8.69 – 8.68 (m, 1 H), 8.47 – 8.46 (m, 1 H), 
8.42 – 8.41 (m, 1 H), 8.26 – 8.23 (m, 2 H), 8.17 – 8.13 (m, 2 H), 7.89 – 7.88 (m, 1 H), 7.75 – 7.74 (m, 1 H), 
7.16 – 7.13 (m, 1 H), 6.92 – 6.87 (m, 2 H), 4.71 – 4.70 (m, 2 H). 
13C-NMR (125 MHz, acetone-d6): δ [ppm] = 159.8, 151.3, 145.3, 144.6, 140.7, 139.8, 137.6, 137.1, 
134.7, 128.3, 127.5, 126.6, 126.5, 120.3, 120.1, 114.3, 43.11. 




The compound was prepared according to GP8. N-((1-(4-bromophenyl)-1H-1,2,3-triazol-4-yl)methyl)-
2-(trifluoromethyl)pyridin-4-amine (20 mg, 0.050 mmol), 4-fluoro-1H-indazole (7 mg, 0.050 mmol) 
and Cs2CO3 (18 mg, 0.055 mmol) were used and the title compound was obtained as a yellow solid 
(8.2 mg, 0.018 mmol, 36%). 
1H-NMR (500 MHz, acetone-d6): δ [ppm] = 8.67 (s, 1 H), 8.43 (s, 1 H), 8.24 (d, J = 5.8 Hz, 1 H), 
8.14 – 8.11 (m, 2 H), 8.05 – 8.02 (m, 2 H), 7.76 (d, J = 8.6 Hz, 1 H), 7.56 – 7.52 (m, 1 H), 7.15 (d, 
J = 2.3 Hz, 1 H), 7.04 – 7.00 (m, 1 H), 6.90 (dd, J = 5.8 Hz, J = 2.3 Hz, 1 H), 6.86 (bs, 1 H), 4.70 (d, 
J = 5.8 Hz, 1 H). 
13C-NMR (125 MHz, CDCl3): δ [ppm] = 156.9, 154.9, 153.6, 150.4, 144.9, 141.1, 140.4, 134.9, 132.7, 
128.9, 123.6, 121.7, 119.8, 116.0, 109.3, 106.4, 106.3, 104.8, 38.56. 




The compound was prepared according to GP8. N-((1-(4-bromophenyl)-1H-1,2,3-triazol-4-yl)methyl)-
2-(trifluoromethyl)pyridin-4-amine (20 mg, 0.050 mmol), 5-fluoro-1H-indazole (7 mg, 0.050 mmol) 
and Cs2CO3 (18 mg, 0.055 mmol) were used and the title compound was obtained as a yellow solid 
(9.1 mg, 0.020 mmol, 40%). 




1H-NMR (500 MHz, acetone-d6): δ [ppm] = 8.66 (s, 1 H), 8.34 (s, 1 H), 8.24 (d, J = 5.8 Hz, 1 H), 
8.13 – 8.10 (m, 2 H), 8.05 – 8.01 (m, 2 H), 7.98 (dd, J = 9.2 Hz, J = 4.1 H, 1 H), 7.63 (dd, J = 8.7 Hz, 
J = 2.1 H, 1 H), 7.37 (ddd, J = 9.2 Hz, J = 2.4 H, 1 H), 7.15 (d, J = 2.3 Hz, 1 H), 6.90 (dd, J = 5.1 Hz, J = 2.7 H, 
1 H), 6.86 (bs, 1 H), 4.70 (d, J = 5.7 Hz, 1 H). 
13C-NMR (125 MHz, CDCl3): δ [ppm] = 159.3, 157.4, 153.6, 150.4, 148.8, 144.8, 140.5, 135.9, 135.6, 
134.8, 125.9, 123.3, 121.7, 119.7, 117.0, 111.3, 109.3, 105.7, 104.8, 38.56. 




The compound was prepared according to GP8. N-((1-(4-bromophenyl)-1H-1,2,3-triazol-4-yl)methyl)-
2-(trifluoromethyl)pyridin-4-amine (20 mg, 0.050 mmol), 6-fluoro-1H-indazole (7 mg, 0.050 mmol) 
and Cs2CO3 (18 mg, 0.055 mmol) were used and the title compound was obtained as a yellow solid 
(13.5 mg, 0.030 mmol, 60%). 
1H-NMR (500 MHz, acetone-d6): δ [ppm] = 8.66 (s, 1 H), 8.35 (d, J = 0.9 Hz, 1 H), 8.24 (d, J = 5.8 Hz, 1 H), 
8.12 – 8.09 (m, 2 H), 8.05 – 8.01 (m, 2 H), 7.95 (dd, J = 8.9 Hz, J = 5.3 Hz, 1 H), 7.69 – 7.66 (m, 1 H), 
7.16 – 7.15 (m, 2 H), 7.13 (dd, J = 9.0 Hz, J = 2.0 Hz, 1 H), 6.90 (dd, J = 5.7 Hz, J = 2.3 Hz, 1 H), 6.86 (bs, 
1 H), 4.70 (d, J = 5.8 Hz, 1 H). 
13C-NMR (126 MHz, acetone-d6): δ [ppm] = 164.7, 162.8, 155.5, 151.1, 149.1, 146.6, 140.9, 139.8, 
139.7, 137.3, 136.2, 124.3, 124.1, 123.7, 122.3, 121.7, 112.4, 112.2, 97.64, 38.86. 




The compound was prepared according to GP8. N-((1-(4-bromophenyl)-1H-1,2,3-triazol-4-yl)methyl)-
2-(trifluoromethyl)pyridin-4-amine (20 mg, 0.050 mmol), 7-fluoro-1H-indazole (7 mg, 0.050 mmol) 




and Cs2CO3 (18 mg, 0.055 mmol) were used and the title compound was obtained as a yellow solid 
(9.4 mg, 0.021 mmol, 42%). 
1H-NMR (500 MHz, acetone-d6): δ [ppm] = 8.67 (s, 1 H), 8.41 (d, J = 2.0 Hz, 1 H), 8.24 (d, J = 5.7 Hz, 1 H), 
8.08 – 8.06 (m, 2 H), 7.91 – 7.89 (m, 2 H), 7.74 – 7.73 (m, 1 H), 7.29 – 7.26 (m, 2 H), 7.15 (d, J = 2.1 Hz, 
1 H), 6.91 (dd, J = 5.7 Hz, J = 2.1 Hz, 1 H), 6.86 (bs, 1 H), 4.70 (d, J = 5.8 Hz, 1 H). 
13C-NMR (126 MHz, acetone-d6): δ [ppm] = 155.5, 151.1, 150.0, 148.9, 146.6, 141.3, 137.6, 136.9, 
130.6, 128.8, 126.6, 124.3, 121.8, 121.5, 118.4, 113.5, 109.9, 105.5, 38.87. 




N-((1-(4-bromophenyl)-1H-1,2,3-triazol-4-yl)methyl)-2-(trifluoromethyl)pyridin-4-amine (20 mg, 
0.050 mmol), 2-fluoroaniline (5 µL, 5.6 mg, 0.050 mmol) and NaOtBu (2 M in THF, 75 µL, 0.150 mmol) 
were dissolved in 1,4-dioxane (0.5 mL). The solution was purged with argon for 10 minutes and 
[Pd(cinammyl)Cl]2 (1.3 mg, 5 mol%) and BippyPhos (2.5 mg, 10 mol%) were added. The reaction 
mixture was purged with argon for another 15 minutes and stirred for 27 h in pre-heated oil bath at 
80 °C. The reaction mixture was allowed to cool to room temperature and H2O was added. The mixture 
was extracted three times with EtOAc, dried over MgSO4, filtered and concentrated in vacuo. 
Automated flash chromatography (DCM/MeOH) afforded the title compound as a colorless solid 
(9.4 mg, 0.022 mmol, 44%) 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 7.85 (s, 1 H), 7.60 – 7.58 (m, 2 H), 7.38 – 7.35 (m, 1 H), 7.19 – 7.17 
(m, 2 H), 7.17 – 7.13 (m, 1 H), 7.12 – 7.09 (m, 1 H), 7.00 – 6.96 (m, 1 H), 6.94 – 6.93 (m, 1 H), 6.71 – 
6.69 (m, 1 H), 5.95 (s, 1 H), 5.24 (bs, 1 H), 4.61 (d, J = 5.5 Hz, 2 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 156.2, 152.8, 150.2, 148.6, 144.1, 138.5, 135.8, 134.2, 130.2, 
124.5, 122.5, 122.1, 119.8, 119.1, 117.8, 116.0, 115.8, 109.3, 38.62. 
HRMS (ESI): C21H17F4N6+ (M+H)+ calculated: 429.14453 found: 429.14380 
N-((1-(3-bromophenyl)-1H-1,2,3-triazol-4-yl)methyl)-2-(trifluoromethyl)pyridin-4-amine 5.28 





The compound was prepared according to GP4. 3-Bromoaniline (17.2 mg, 0.100 mmol) was used in 
the reaction and afforded the title compound as a brownish solid (38.7 mg, 0.097 mmol, 97%). 
LC-MS: m/z: 399 (M+H)+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.35 (d, J = 5.7 Hz, 1 H), 7.94 – 7.93 (m, 1 H), 7.93 – 7.92 (m, 1 H), 
7.68 (ddd, J = 8.1 Hz, J = 2.0 Hz, J = 0.8 Hz, 1 H), 7.60 (ddd, J = 8.1 Hz, J = 1.8 Hz, J = 0.9 Hz, 1 H), 7.42 
(dd, J = 8.1 Hz, 1 H), 6.93 (d, J = 2.3 Hz, 1 H), 6.68 (dd, J = 5.7 Hz, J = 2.3 Hz, 1 H), 5.20 (bs, 1 H), 4.64 (d, 
J = 5.5 Hz, 1 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 153.6, 150.3, 148.9, 144.9, 137.6, 123.1, 131.1, 124.9, 123.6, 




N-((1-(3-bromophenyl)-1H-1,2,3-triazol-4-yl)methyl)-2-(trifluoromethyl)pyridin-4-amine 5.28 (36 mg, 
0.091 mmol), aniline (9 µL, 0.099 mmol) and NaOtBu (2 M in THF, 0.10 mL, 0.200 mmol) were 
dissolved in 1,4-dioxane (0.91 mL) and the solution was purged with argon for 10 minutes. 
[Pd(cinammyl)Cl]2 (2.4 mg, 5 mol%) and BippyPhos (4.6 mg, 10 mol%) were and the mixture was again 
purged with argon for 15 minutes. And stirred for 18 h in pre-heated oil bath at 80 °C. The reaction 
mixture was cooled to room temperature and then filtered over silica gel and subsequently washed 
with EtOAc. Automated flash chromatography (DCM/MeOH) afforded the title compound as a 
brownish solid (16.1 mg, 0.039 mmol, 43%). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.31 (d, J = 5.7 Hz, 1 H), 7.88 (s, 1 H), 7.43 – 7.41 (m, 1 H), 7.37 – 
7.31 (m, 3 H), 7.16 – 7.14 (m, 2 H), 7.12 – 7.10 (m, 1 H), 7.10 – 7.08 (m, 1 H), 7.06 – 7.03 (m, 1 H), 6.91 – 
6.90 (m, 1 H), 6.67 – 6.66 (m, 1 H), 6.03 (s, 1 H), 5.36 (s, 1 H), 4.59 (d, J = 5.3 Hz, 2 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 153.7, 150.26, 148.9, 145.4, 144.3, 141.5, 137.8, 130.7, 129.6, 
122.7, 119.9, 119.6, 116.8, 111.8, 109.3, 108.3, 104.8, 38.48. 
HRMS (ESI): C21H18F3N6+ (M+H)+ calculated: 411.15396 found: 411.15338 







N-((1-(3-bromophenyl)-1H-1,2,3-triazol-4-yl)methyl)-2-(trifluoromethyl)pyridin-4-amine 5.28 (20 mg, 
0.050 mmol), 4-fluoro-aniline (5 µL, 0.053 mmol) and NaOtBu (2 M in THF, 75 µL, 0.150 mmol) were 
dissolved in 1,4-dioxane (0.5 mL) and the solution was purged with argon for 10 minutes. 
[Pd(cinammyl)Cl]2 (2.4 mg, 5 mol%) and BippyPhos (4.6 mg, 10 mol%) were and the mixture was again 
purged with argon for 15 minutes. And stirred for 18 h in pre-heated oil bath at 80 °C. The reaction 
mixture was cooled to room temperature and then filtered over silica gel, subsequently washed with 
EtOAc and the solvent was removed under reduced pressure. Automated flash chromatography 
(DCM/MeOH) afforded the title compound as a brownish solid (11.7 mg, 0.016 mmol, 32%). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.32 – 8.30 (m, 1 H), 7.87 (d, J = 4.7 Hz, 1 H), 7.36 – 7.32 (m, 2 H), 
7.27 – 7.25 (m, 1 H), 7.15 – 7.13 (m, 3 H), 7.08 – 7.03 (m, 1 H), 6.99-6.90 (m, 2 H), 6.66 (s, 1 H), 5.88 (s, 
1 H), 5.27 (bs, 1 H), 4.59 (bs, 2 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 159.9, 157.9, 153.6, 150.4, 148.9, 146.1, 144.3, 137.8, 137.2, 
130.7, 129.9, 122.8, 122.6, 120.6, 119.9, 116.4, 116.2 115.9, 111.3, 109.2, 107.4, 104.7, 38.49. 




N-((1-(3-bromophenyl)-1H-1,2,3-triazol-4-yl)methyl)-2-(trifluoromethyl)pyridin-4-amine 5.28 (40 mg, 
0.100 mmol), 2-fluoroaniline 10 µL, 0.104 mmol) and Cs2CO3 (36 mg, 0.110 mmol) were dissolved in 
1,4-dioxane (1.15 mL). The reaction mixture was purged with argon for 10 minutes and Pd-175 (3.9 mg, 
5 mol%) was added. After 15 minutes of argon purge the reaction mixture was stirred for 24 h in a 
pre-heated metal block at 90 °C. The reaction mixture was cooled to room temperature, filtered over 
silica gel and concentrated in vacuo. The crude product was purified via automated flash 




chromatography (DCM/MeOH) and yielded the title compound as a brownish solid (30.4 mg, 
0.071 mmol, 71%). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.49 (s, 1 H), 8.32 (d, J = 5.7 Hz, 1 H), 7.60 – 7.57 (m, 2 H), 7.48 – 
7.46 (m, 1 H), 7.43 (dd, J = 8.1 Hz, 1 H), 7.30 (dd, J = 8.9 Hz, J = 2.0 Hz, 1 H), 7.22 – 7.18 (m, 1 H), 7.17 – 
7.14 (m, 2 H), 7.13 (d, J = 2.3 Hz, 1 H), 7.07 – 7.04 (m, 1 H), 6.88 ( J =  5.7 Hz,  J = 2.3 Hz, 1 H), 6.80 (bs, 
1 H), 4.64 (d, J = 5.7 Hz, 2 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 156.5, 155.5, 154.6, 151.1, 146.4, 146.2, 139.1, 131.4, 131.2, 
125.7, 124.3, 123.9, 123.8, 121.9, 121.7, 117.3, 116.9, 116.8, 112.3, 108.8, 38.83. 




N-((1-(3-bromophenyl)-1H-1,2,3-triazol-4-yl)methyl)-2-(trifluoromethyl)pyridin-4-amine 5.28 (40 mg, 
0.100 mmol), 3-fluoroaniline 10 µL, 0.104 mmol) and Cs2CO3 (36 mg, 0.110 mmol) were dissolved in 
1,4-dioxane (1.15 mL). The reaction mixture was purged with argon for 10 minutes and Pd-175 (3.9 mg, 
5 mol%) was added. After 15 minutes of argon purge the reaction mixture was stirred for 24 h in a 
pre-heated metal block at 90 °C. The reaction mixture was cooled to room temperature, filtered over 
silica gel and concentrated in vacuo. The crude product was purified via automated flash 
chromatography (DCM/MeOH) and yielded the title compound as a brownish solid (42.5 mg, 
0.991 mmol, > 98%). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.52 (s, 1 H), 8.21 (d, J = 5.8 Hz, 1 H), 8.01 (bs, 1 H), 7.66 (dd, 
J = 2.0 Hz, 1 H), 7.46 (dd, J = 8.1 Hz, 1 H), 7.35 – 7.33 (m, 1 H), 7.33 – 7.29 (m, 1 H), 7.23 (dd,  J = 8.1 Hz, 
J = 2.3 Hz, 1 H), 7.12 (d, J = 2.3 Hz, 1 H), 7.01 (dd, J = 8.2 Hz, J = 1.4 Hz, 1 H), 6.68 (dd, J = 5.8 Hz, J = 
2.4 Hz, 1 H), 6.81 (bs, 1 H), 6.66 (dd, J = 8.2 Hz, J = 2.4 Hz, 1 H), 4.64 (d, J = 5.8 Hz, 2 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 165.6, 163.7, 155.5, 151.1, 146.3, 145.9, 145.5, 139.2, 131.8, 
131.7, 124.3, 122.1, 121.7, 118.3, 114.3, 122.9, 110.1, 109.7, 108.2, 105.1, 38.83. 
HRMS (ESI): C21H17F4N6+ (M+H)+ calculated: 429.14453 found: 429.14435 







N-((1-(3-bromophenyl)-1H-1,2,3-triazol-4-yl)methyl)-2-(trifluoromethyl)pyridin-4-amine 5.28 (40 mg, 
0.100 mmol), 2,5-difluoroaniline 11 µL, 0.110 mmol) and Cs2CO3 (36 mg, 0.110 mmol) were dissolved 
in 1,4-dioxane (1 mL). The reaction mixture was purged with argon for 10 minutes and Pd-175 (3.9 mg, 
5 mol%) was added. After 15 minutes of argon purge the reaction mixture was stirred for 24 h in a 
pre-heated metal block at 90 °C. The reaction mixture was cooled to room temperature, filtered over 
silica gel and concentrated in vacuo. The crude product was purified via automated flash 
chromatography (DCM/MeOH) and yielded the title compound as a brownish solid (44.3 mg, 
0.993 mmol, > 98%). 
1H-NMR (500 MHz, CDCl3): δ [ppm] = 8.33 (d, J = 5.8 Hz, 1 H), 7.92 (s, 1 H), 7.53 (dd, J = 2.1 Hz, 1 H), 
7.46 (dd, J = 8.1 Hz, 1 H), 7.28 (dd,  J = 2.1 Hz,  J = 0.9 Hz, 1 H), 7.20 (ddd,  J = 8.2 Hz, J = 2.3 Hz, J = 
0.8 Hz, 1 H), 7.10 – 7.08 (m, 1 H), 7.07 – 7.04 (m, 1 H), 6.94 (d, J = 2.3 Hz, 1 H), 6.69 (dd, J = 5.7, J = 
2.3 Hz, 1 H), 6.65 – 6.63 (m, 1 H), 6.07 (s, 1 H), 5.26 (bs, 1 H), 4.63 (d, J 5.5 Hz, 2 H). 
13C-NMR (126 MHz, CDCl3): δ [ppm] = 159.7, 157.7, 153.6, 149.9, 144.2, 142.7, 137.6, 131.3, 130.7, 
122.4, 119.6, 118.4, 116.1, 115.8, 113.5, 110.2, 109.0, 107.3, 104.6, 104.4, 38.30. 




N-((1-(3-bromophenyl)-1H-1,2,3-triazol-4-yl)methyl)-2-(trifluoromethyl)pyridin-4-amine 5.28 (20 mg, 
0.050 mmol), 1H-indazole (5.9 mg, 0.050 mmol) and K3PO4 (20 mg, 0.094 mmol) were suspended in 
1,4-dioxane (0.5 mL). The reaction mixture was purged with argon and CuI (5 mg, 0.026 mmol) and 
DMEDA (8 µL, 6.5 mg, 0.074 mmol) were added. After purging the reaction mixture for 15 minutes 
with argon, the mixture was stirred at 80 °C for 16 h, cooled to room temperature and filtered over 




silica gel. The crude product was purified via automated flash chromatography (DCM/MeOH) and the 
title compound was obtained as a colorless solid (8.1 mg, 0.018 mmol, 37%). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.34 – 8.33 (m, 1 H), 8.25 (s, 1 H), 8.18 (s, 1 H), 8.04 (s, 1 H), 
7.88 – 7.87 (m, 1 H), 7.85 – 7.83 (m 2 H), 7.71 – 7.70 (m, 2 H), 7.52 – 7.49 (m, 1 H), 7.31 – 7.28 (m, 1 H), 
6.94 (s, 1 H), 6.70 – 6.68 (m, 1 H), 5.35 (bs, 1 H), 4.64 (d, J = 5.2 Hz, 2 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 153.6, 150.4, 141.6, 138.6, 137.6, 136.5, 130.9, 129.9, 127.9, 
125.7, 122.2, 121.8, 121.7, 119.9, 117.8, 114.3, 110.3, 109.2, 104.8, 38.51. 




The compound was prepared according to GP4. 2-Chloro-N-(prop-2-yn-1-yl)-6-
(trifluoromethyl)pyridin-4-amine 4.17 (20 mg, 0.085 mmol) and 3-Chloro-4-isopropoxyaniline 3.40b 
(16 mg, 0.085 mmol) were used. The title compound was obtained as a red solid (4.9 mg, 0.011 mmol, 
13%). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 7.85 (s, 1 H), 7.74 (d, J = 2.6 Hz, 1 H), 7.56 (dd, J = 8.9 Hz, 
J = 2.6 Hz, 1 H), 7.07 (d, J = 8.9 Hz, 1 H), 6.86 (d, J = 2.0 Hz, 1 H), 6.69 (d, J = 2.0 Hz, 1 H), 5.37 (bs, 1 H), 
4.64 (quint, J = 6.1 Hz, 1 H), 4.60 (d, J = 5.3 Hz, 1 H), 1.44 (d, J = 6.1 Hz, 1 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 115.3, 154.4, 152.9, 143.8, 129.9, 125.2, 123.1, 120.0, 119.9, 
115.7, 72.59, 38.62, 21.90. 








The compound was prepared according to GP4. 2-Chloro-N-(prop-2-yn-1-yl)-6-
(trifluoromethyl)pyridin-4-amine 4.17 (35 mg, 0.148 mmol) and 4-(2-Fluorophenoxy)aniline 5.1b 
(30 mg, 0.148 mmol). The title compound was obtained as a colorless solid (63 mg, 0.136 mmol, 92%). 
1H-NMR (500 MHz, CDCl3): δ [ppm] = 7.68 (s, 1 H), 7.66 – 7.63 (m, 2 H), 7.26 – 7.15 (m, 4 H), 7.11 – 7.10 
(m, 2 H), 6.86 (s, 1 H), 6.69 (s, 1 H), 5.45 (bs, 1 H), 4.59 (s, 2 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 158.2, 155.3, 153.5, 152.8, 143.8, 131.8, 126.0, 125.9, 122.35, 
119.9, 117.7, 117.5, 117.3, 115.8, 108.0, 104.8, 38.59. 




The compound was prepared according to GP4. 2-Chloro-N-(prop-2-yn-1-yl)-6-
(trifluoromethyl)pyridin-4-amine 4.17 (50 mg, 0.213 mmol) and 4-((2-Fluoropyridin-3-yl)oxy)aniline 
5.6b (43 mg, 0.213 mmol) were used. The crude product was purified using automated flash 
chromatography (DCM/MeOH) and yielded the title compound as a colorless solid (71.0 mg, 
0.153 mmol, 72%). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.08 – 8.07 (m, 1 H), 7.96 (bs, 1 H), 7.72 – 7.70 (m, 2 H), 7.57 – 
7.53 (m, 1 H), 7.26 – 7.24 (m, 1 H), 7.15 – 7.13 (m, 2 H), 6.87 (s, 1 H), 6.70, (s, 1 H), 5.41 (bs, 1 H), 4.61 
(s, 1 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 159.9, 156.3, 155.3, 154.4, 152.4, 148.6, 142.5, 138.5, 132.7, 
131.2, 122.6, 121.9, 121.6, 119.8, 118.4, 108.1, 104.7, 38.62. 
HRMS (ESI): C20H14ClF4N6O+ (M+H)+ calculated: 465.08483 found: 465.08417 
2-Chloro-N-((1-(4-(pyridin-3-yloxy)phenyl)-1H-1,2,3-triazol-4-yl)methyl)-6-(trifluoromethyl)pyridin-
4-amine 5.38 





The compound was prepared according to GP4. 2-Chloro-N-(prop-2-yn-1-yl)-6-
(trifluoromethyl)pyridin-4-amine 4.17 (89 mg, 0.380 mmol) and 4-(pyridin-3-yloxy)aniline (71 mg, 
0.380 mmol) were used. The crude product was purified using automated flash chromatography 
(DCM/MeOH) and yielded the title compound as a colorless solid (141 mg, 0.315 mmol, 83%). 
1H-NMR (500 MHz, acetone-d6): δ [ppm] = 8.57 (s, 1 H), 8.43 (bs, 2 H), 7.92 – 7.89 (m, 2 H), 7.52 – 7.49 
(m, 1 H), 7.46 – 7.43 (m, 1 H), 7.27 – 7.25 (m, 2 H), 7.21 (bs, 1 H), 7.16 (d, J = 2.0 Hz, 1 H), 6.94 (d, J = 
2.0 Hz, 1 H), 4.70 (d, 5.8 Hz, 2 H). 
13C-NMR (126 MHz, acetone-d6): δ [ppm] = 157.9, 157.7, 146.2, 145.9, 142.5, 134.1, 126.9, 125.5, 
123.2, 121.9, 120.6, 38.49. 




The compound was prepared according to GP4. 2-Chloro-N-(prop-2-yn-1-yl)-6-
(trifluoromethyl)pyridin-4-amine 4.17 (42 mg, 0.178 mmol) and 4-(1H-pyrrolo[2,3-b]pyridin-1-
yl)aniline 5.13b (37 mg, 0.178 mmol) were used. The title compound was obtained as colorless solid 
(54 mg, 0.115 mmol, 65%). 
1H-NMR (500 MHz, DMSO-d6): δ [ppm] = 9.00 (bs, 1 H), 8.90 (s, 1 H), 8.27 (d, J = 4.7 Hz, 1 H), 8.15 – 8.11 
(m, 2 H), 8.08 – 8.06 (m, 1 H), 8.03 (d, J = 3.4 Hz, 1 H), 7.11 (s, 1 h), 6.92 (s, 1 H), 6.85 (d, J = 3.2 Hz, 1 H), 
4.61 (d, J = 5.7 Hz, 1 H). 
13C-NMR (126 MHz, DMSO-d6): δ [ppm] = 156.6, 144.9, 139.9, 139.4, 138.2, 134.9, 134.0, 133.5, 132.3, 
125.1, 122.3, 121.6, 121.5, 120.1, 115.6, 103.5, 37.40. 
HRMS (ESI): C22H16ClF3N7+ (M+H)+ calculated: 470.11023 found: 470.11002 







The compound was prepared according to GP4. 2-Chloro-N-(prop-2-yn-1-yl)-6-
(trifluoromethyl)pyridin-4-amine 4.17 (42 mg, 0.178 mmol) and 4-(1H-pyrrolo[2,3-c]pyridin-1-
yl)aniline 5.12b (42 mg, 0.178 mmol) and 4-(1H-pyrrolo[2,3-b]pyridin-1-yl)aniline 5.13b (37 mg, 
0.178 mmol) were used. The title compound was obtained as colorless solid (56 mg, 0.119 mmol, 67%). 
1H-NMR (500 MHz, DMSO-d6): δ [ppm] = 8.86 (s, 1 H), 8.36 (dd, J = 4.6 Hz, J = 1.5 Hz, 1 H), 8.24 – 8.21 
(m, 2 H), 8.12 (dd, J = 7.8 Hz, J = 1.5 Hz, 1 H), 8.09 – 8.08 (m, 2 H), 8.08 – 8.06 (m, 1 H), 8.06 – 8.04 (m, 
1 H), 7.26 (dd, J = 7.9 Hz, J = 4.7 Hz, 1 H), 7.12 (bs, 1 H), 6.93 (bs, 1 H), 6.80 (d, J = 7.8 Hz, 1 H), 4.61 (d, 
J = 5.5 Hz, 1 H). 
13C-NMR (126 MHz, DMSO-d6): δ [ppm] = 162.4, 156.6, 146.9, 144.8, 143.4, 138.2, 13.9, 129.5, 128.1, 
123.9, 121.6, 120.9, 117.3, 102.6, 37.43. 




The compound was prepared according to GP4. 2-Chloro-N-(prop-2-yn-1-yl)-6-
(trifluoromethyl)pyridin-4-amine 4.17 (54 mg, 0.115 mmol) and 4-(1H-indazol-1-yl)aniline (24 mg, 
0.115 mmol) were used. Automated flash chromatography (PE/EtOAc) afforded the title compound as 
a colorless solid (35.4 mg, 0.076 mmol, 67%). 
1H-NMR (500 MHz, acetone-d6): δ [ppm] = 8.69 (s, 1 H), 8.34 (s, 1 H), 8.11 – 8.09 (m, 2 H), 8.06 – 8.04 
(m, 2 H), 7.96 – 7.94 (m, 1 H), 7.92 – 7.91 (m, 1 H), 7.55 – 7.52 (m, 1 H), 7.32 – 7.29 (m, 1 H), 7.21 (bs, 
1 H), 7.18 (d, J = 2.0 Hz, 1 H), 6.96 (d, J = 2.0 Hz, 1 H), 4.75 (d, J = 5.8 Hz, 2 H). 




13C-NMR (126 MHz, DMSO-d6): δ [ppm] = 157.7, 153.1, 146.1, 139.5, 137.2, 135.9, 128.6, 126.9, 123.9, 
122.9, 122.5, 122.3, 121.8, 111.41, 38.97. 




The compound was prepared according to GP4. 2-Chloro-N-(prop-2-yn-1-yl)-6-
(trifluoromethyl)pyridin-4-amine 4.17 (117 mg, 0.500 mmol) and 4-bromoaniline (99 mg, 0.500 mmol) 
were used. The title compound was obtained as a brownish solid (210 mg, 0.486 mmol, 97%). 
LC-MS: m/z: 433 (M+H)+ 
1H-NMR (500 MHz, CDCl3): δ [ppm] = 7.96 (bs, 1 H), 7.68 – 7.66 (m, 2 H), 7.62 – 7.60 (m, 2 H), 6.87 
(d, J = 1.8 Hz, 1 H), 6.68 (d, J = 1.8 Hz, 1 H), 5.66 (bs, 1 H), 4.61 (d, J = 5.3 Hz, 2 H). 
13C-NMR (126 MHz, CDCl3): δ [ppm] = 155.4, 152.8, 148.2, 135.6, 133.0, 122.9, 121.9, 119.8, 110.2, 




The compound was prepared according to GP4. 2-Chloro-N-(prop-2-yn-1-yl)-6-
(trifluoromethyl)pyridin-4-amine 4.17 (117 mg, 0.500 mmol) and 3-bromoaniline (99 mg, 0.500 mmol) 
were used. The title compound was obtained as a yellow solid (204 mg, 472 mmol, 94%). 
LC-MS: m/z: 433 (M+H)+ 
1H-NMR (500 MHz, CDCl3): δ [ppm] = 7.95 (s, 1 H), 7.93 – 7.92 (m, 1 H), 7.69 – 7.67 (m, 1 H), 7.62 – 7.60 
(m, 1 H), 7.44 – 7.41 (m, 1 H), 6.87 (d, J = 2.0 Hz, 1 H), 6.69 (d, J = 2.0 Hz, 1 H), 5.50 (bs, 1 H), 4.61 (s, 
2 H). 




13C-NMR (126 MHz, CDCl3): δ [ppm] = 157.9, 151.1, 149.4, 146.7, 135.9, 132.8, 121.9, 121.1, 120.1, 





(22 mg, 0.051 mmol), 4-fluoro-1H-indazole (7.6 mg, 0.056mmol) and NaOtBu (7.0 mg, 0.076 mmol) 
were dissolved in toluene (0.51 mL). The mixture was purged with argon and tBuXPhos Pd G3 (2 mg, 
5 mol%) was added. The mixture was degassed again with argon and heated for 18 h in a pre-heated 
oil bath at 100 °C. The reaction mixture was allowed to cool to room temperature and saturated NH4Cl 
solution was added. The mixture was then extracted three times with EtOAc, dried over Na2SO4, 
filtered and concentrated under reduced pressure. Purification via automated flash chromatography 
afforded the title compound as a colorless solid (14.4 mg, 0.032 mmol, 58%). 
1H-NMR (500 MHz, DMSO-d6): δ [ppm] = 8.87 (s, 1 H), 8.59 – 8.57 (m, 1 H), 8.14 – 8.11 (m, 2 H), 
7.77 – 7.75 (m, 1 H), 8.03 – 8.01 (m, 2 H), 7.57 – 7.53 (m, 1 H), 7.13 – 7.09 (m, 1 H), 6.91 (bs, 1 H), 4.69 
(d, J = 5.5 Hz, 2 H). 
13C-NMR (126 MHz, DMSO-d6): δ [ppm] = 156.6. 155.9, 153.9, 153.7, 145.3, 144.9, 140.7, 139.2, 134.9, 
132.4, 129.3, 123.5, 121.6, 121.4, 115.1, 111.4, 107.3, 106.6, 106.4, 37.41. 





(22 mg, 0.051 mmol), 1H-pyrazolo[4,3-b]pyridine (7 mg, 0.056 mmol), and NaOtBu (7.0 mg, 
0.076 mmol) were dissolved in toluene (0.51 mL) and the reaction mixture was degassed with argon. 
Then, tBuXPhos Pd G3 (2 mg, 5 mol%) was added and the reaction mixture was purged with argon 




again before stirring the mixture at a pre-heated oil bath at 100 °C for 18 h. The reaction mixture was 
allowed to cool to room temperature and saturated NH4Cl solution was added. The mixture was then 
extracted three times with EtOAc, dried over Na2SO4, filtered and concentrated under reduced 
pressure. Purification via automated flash chromatography afforded the title compound as a colorless 
solid (8.9 mg, 0.019 mmol, 37%) 
1H-NMR (500 MHz, acetone-d6): δ [ppm] = 8.70 (s, 1 H), 8.67 (dd, J = 4.3 Hz, J = 1.1 Hz, 1 H), 8.50 (s, 
1 H), 8.40 (d, J = 8.6 Hz, 1 H), 8.14 – 8.11 (m, 2 H), 8.09 – 8.06 (m, 2 H), 7.53 (dd, J = 8.7 Hz, 
J = 4.3 Hz, 1 H), 7.23 (bs, 1 h), 7.18 (d, J = 1.8 Hz, 1 H), 6.96 (d, J = 1.8 Hz, 1 H), 4.75 (d, J = 5.7 Hz, 1 H). 





(43 mg, 0.100 mmol) was dissolved in 1,4-dioxane (1 mL) and Cs2CO3 (36 mg, 0.110 mmol) was added, 
followed by the addition of 2,5-difluoroaniline (10 µL, 13 mg, 0.100 mmol). The mixture was purged 
with argon and Pd-175 (7.8 mg, 10 mol%) was added. After degassing the solution for 10 minutes with 
argon, the mixture was stirred in a pre-heated oil bath at 80 °C for 3 h. The reaction mixture was cooled 
to room temperature and filtered over SiO2. The crude product was purified via automated flash 
chromatography (DCM/MeOH) and afforded the title compound as a colorless solid (26.0 mg, 
0.054 mmol, 54%). 
LC-MS: m/z: 482 (M+H)+ 
1H-NMR (500 MHz, acetone-d6): δ [ppm] = 8.53 (s, 1 H), 7.76 (bs, 1 H), 7.69 (dd, J = 2.0 Hz, 1 H), 7.49 
(dd, J = 8.1 Hz, 1 H), 7.42 (ddd,  J = 7.9 Hz, J = 2.0 Hz, J = 0.9 Hz, 1 H), 7.26 (d, J = 8.1 Hz, J = 2.4 Hz, 1 H), 
7.22 – 7.16 (m, 2 H), 6.70 – 6.63 (m, 3 H), 6.01 (d, J = 1.7 Hz, 1 H), 4.60 (d, J = 5.7 Hz, 2 H). 
13C-NMR (126 MHz, acetone-d6): δ [ppm] = 165.9, 162.8, 160.9, 157.7, 151.8, 149.9, 146.3, 144.8, 
139.2, 133.14, 131.6, 121.7, 118.8, 117.4, 113.6, 110.4, 108.0, 106.4, 101.3, 92.66, 39.03. 
6-Chloro-N-(prop-2-yn-1-yl)-2-(trifluoromethyl)pyrimidin-4-amine 5.48 





Propargylamine (35 µLm 30 mg, 0.550 mmol), 4,6-dichloro-2-(trifluoromethyl)pyrimidine (108 mg, 
0.500 mmol) and Cs2CO3 (178 mg, 0.550 mmol) were mixed in DMF (1 mL). The reaction mixture was 
then heated for 1 h at 75 °C (microwave) and H2O was added. The mixture was extracted with EtOAc, 
dried over Na2SO4, filtered and the solvent was removed under reduced pressure. The crude product 
was purified via automated flash chromatography (PE/EtOAC) and yielded the title compound as a 
colorless solid (69 mg, 0.292 mmol, 58%). 
LC-MS: m/z: 236 (M+H)+ 




The compound was prepared according to GP4. 4-Phenoxyaniline (55 mg, 0.297 mmol) and 6-Chloro-
N-(prop-2-yn-1-yl)-2-(trifluoromethyl)pyrimidin-4-amine 5.48  (70 mg, 0.297 mmol) were used in the 
reaction and afforded the title compound as a colorless solid (108 mg, 0.242 mmol, 81%). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.06 (bs, 1 H), 7.65 – 7.64 (m, 2 H), 7.42 _ 7.39 (m, 2 H), 
7.21 – 7.18 (m, 1 H), 7.15 – 7.13 (m, 2 H), 7.08 – 7.07 (m, 2 H), 6.70 – 6.68 (m, 1 H), 4.82 (bs, 2 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 163.2, 158.3, 156.1, 144.3, 131.8, 130.1, 124.3, 122.2, 119.6, 
119.2, 106.5, 36.09. 
HRMS (ESI): C20H15ClF3N6O+ (M+H)+ calculated: 447.09425 found: 447.09369 
N-((1-(4-phenoxyphenyl)-1H-1,2,3-triazol-4-yl)methyl)-2-(trifluoromethyl)pyrimidin-4-amine 5.50 
 





5.49 (27 mg, 0.06 mmol) was dissolved in MeOH (2 mL). The mixture was degassed with argon for 
10 minutes and Pd black (0.7 mg, 10 mol%) was added. The reaction mixture was purged with argon 
for 10 minutes and stirred at room temperature for 2 d. The mixture was then filtered over silica gel, 
washed with EtOAc and concentrated in vacuo. Automated flash chromatography afforded the title 
compound was a colorless solid (24 mg, 0.059 mmol, > 98%). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.84 – 8.83 (m, 1 H), 8.64 – 8.65 (m, 1 H), 7.87 – 7.86 (m, 2 H), 
7.46 – 7.42 (m, 2 H), 7.22 – 7.17 (m, 3 H), 7.12 – 7.09 (m, 2 H), 4.68 – 4.66 (m, 2 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 157.1, 155.9, 154.1, 147.9, 144.9, 142.5, 132.0, 130.3, 124.2 122.0, 
119.3, 108.5, 37.10. 





4.2 (446 mg, 1.00 mmol), 4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (786 mg, 
4.00 mmol) and Cs2CO3 (1.64 g, 5.00 mmol) were suspended in toluene (5 mL). The reaction mixture 
was purged with argon and cataCXium A (36 mg, 10 mol%) and Pd2dba3 (4.6 mg, 5 mol%) were added. 
The mixture was degassed with argon for 10 minutes and then stirred for 2 h at 100 °C (microwave). 
After cooling to room temperature, H2O was added and the mixture was extracted three times with 
EtOAc, dried over Na2SO4, filtered and concentrated in vacuo. Automated flash chromatography 
(DCM/MeOH) afforded the title compound as a colorless solid (402 mg, 0.842 mmol, 84%). 
1H-NMR (500 MHz, CDCl3): δ [ppm] = 7.90 (s, 1 H), 7.67 – 7.64 (m, 2 H), 7.42 – 7.38 (m, 2 H), 7.21 – 7.18 
(m, 1 H), 7.15 – 7.12 (m, 2 H), 7.09 – 7.06 (m, 2 H), 6.87 (d, J = 2.0 Hz, 1 H), 6.69 (d, J = 2.0 Hz, 1 H), 5.56 
(bs, 1 H), 4.60 (bs, 2 H). 
13C-NMR (126 MHz, CDCl3): δ [ppm] = 158.6, 156.3, 155.6, 153.0, 148.5, 144.1, 131.9, 130.3, 128.9, 
125.4, 124.6, 122.6, 120.3, 119.8, 119.5, 108.3, 104.9, 38.81. 









4.2 (45 mg, 0.100 mmol), imidazole (21 mg, 0.300 mmol) and Cs2CO3 (108 mg, 0.300 mmol) were 
suspended in toluene (1 mL). The reaction mixture was heated at 120 °C for 16 h, cooled to room 
temperature, filtered and concentrated in vacuo. The crude product was purified via automated flash 
chromatography (DCM/MeOH) and yielded the title compound as a slightly brownish solid (10.8 mg, 
0.023 mmol, 8%).  
1H-NMR (500 MHz, DMSO-d6): δ [ppm] = 8.59 (s, 1 H), 8.40 (s, 1 H), 7.88 – 7.85 (m, 2 H), 7.83 (s, 1 H), 
7.46 – 7.43 (m, 2 H), 7.25 – 7.22 (m, 2 H), 7.21 – 7.20 (m, 1 H), 7.19 – 7.16 (m, 2 H), 7.15 (d, J = 1.7 Hz, 
1 H), 7.11 – 7.10 (m, 2 H), 7.09 (m, 1 H), 4.79 (d, J = 5.7 Hz, 2 H). 
13C-NMR (126 MHz, acetone-d6): δ [ppm] = 158.2, 156.5, 155.3, 152.9, 133.93, 131.2, 128.6, 125.2, 
123.2, 122.0, 116.4, 108.8, 92.05, 39.19. 





4.2 (45 mg, 0.100 mmol), 1H-1,2,4-triazole (21 mg, 0.300 mmol) and Cs2CO3 (108 mg, 0.300 mmol) 
were suspended in 1,4-dioxane (1 mL). The reaction mixture was heated at 100 °C for 16 h 
(microwave), cooled to room temperature, filtered and concentrated in vacuo. The crude product was 




purified via automated flash chromatography (DCM/MeOH) and yielded the title compound as a 
slightly brownish solid (16.6 mg, 0.035 mmol, 35%).  
1H-NMR (500 MHz, acetone-d6): δ [ppm] = 9.15 (s, 1 H), 8.57 (s, 1 H), 8.13 (s, 1 H), 7.87 – 7.85 (m, 2 H), 
7.46 – 7.42 (m, 2 H), 7.35 (bs, 1 H), 7.22 (d, J = 2.1 Hz, 1 H), 7.21 (s, 1 H), 7.19 – 7.16 (m, 2 H), 7.11 – 
7.09 (m, 2 H), 7.09 – 7.08 (m, 1 H), 4.79 (d, J = 5.7 Hz, 2 H). 
13C-NMR (126 MHz, acetone-d6): δ [ppm] = 158.8, 158.4, 154.1, 146.1, 133.6, 131.2, 127.6, 125.2, 
123.2, 122.0, 120.4, 93.66, 39.29. 





4-amine (16.2 mg, 0.035 mmol), 4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (14 mg, 
0.070 mmol) and Cs2CO3 (25 mg, 0.077 mmol) were suspended in toluene (0.35 mL). The mixture was 
degassed with argon and cataCXium A (1.3 mg, 10 mol%) and Pd2dba3 (1.6 mg, 5 mol%) were added. 
The reaction mixture was purged with argon for 10 minutes and stirred  for 2 h at 100 °C (microwave). 
After cooling to room temperature, H2O was added and the mixture was extracted three times with 
EtOAc, dried over Na2SO4, filtered and concentrated in vacuo. Automated flash chromatography 
(DCM/MeOH) afforded the title compound as a colorless solid (10.7 mg, 0.022 mmol, 63%) 
LC-MS: m/z: 497 (M+H)+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 7.88 (s, 1 H), 7.67 – 7.64 (m, 2 H), 7.25 – 7.15 (m, 5 H), 7.11 – 7.09 
(m, 2 H), 6.87 (s, 1 H), 6.69 (s, 1 H), 5.54 (bs, 1 H), 4.59 (s, 2 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 158.2, 155.4, 155.3, 153.5, 152.8, 148.5, 148.3, 143.8, 142.5, 
131.8, 128.8, 125.9, 125.0, 122.6, 122.4, 121.9, 119.9, 117.7, 117.3, 108.0, 104.7, 38.59. 
2-Chloro-N-((1-(4-isopropoxyphenyl)-1H-1,2,3-triazol-4-yl)methyl)-6-(trifluoromethyl)pyridine-4-
amine 5.56 





The compound was prepared according to GP4. 2-Chloro-N-(prop-2-yn-1-yl)-6-
(trifluoromethyl)pyridin-4-amine 4.17 (54 mg, 0.115 mmol) and 4-isopropoxyaniline (17 mg, 
0115 mmol) were used. The title compound was obtained as a colorless solid (46.7 mg, 0.114 mmol, 
> 98%). 
1H-NMR (300 MHz, acetone-d6): δ [ppm] = 8.34 (s, 1 H), 7.62 - 7.59  (m, 2 H), 7.05 (bs, 1 H), 7.03 (d, J = 
1.9 Hz, 1 H), 6.97 – 6.95 (m, 2 H), 6.81 (d, J = 1.8 Hz, 1 H), 4.58 (dq, J = 6.0 Hz, 1 H), 4.50 (d, J = 5.8 Hz, 
2 H), 1.21 (d, J = 6.0 Hz, 6 H). 
13C-NMR (126 MHz, acetone-d6): δ [ppm] = 159.2, 157.7, 145.5, 131.3, 123.5, 122.8, 121.8, 121.3, 
117.4, 70.94, 38.69, 22.22. 





amine 5.55 (10 mg, 0.024 mmol), 4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (20 mg, 
0.103 mmol) and Cs2CO3 (26 mg, 0.079 mmol) were suspended in toluene (0.5 mL). The reaction 
mixture was purged with argon and cataCXium A (0.9 mg, 10 mol%) and Pd2dba3 (1.1 mg, 5 mol%) were 
added. The mixture was degassed with argon for 10 minutes and then stirred for 16 h at 120 °C 
(microwave). After cooling to room temperature, H2O was added and the mixture was extracted three 
times with EtOAc, dried over Na2SO4, filtered and concentrated in vacuo. Automated flash 
chromatography (DCM/MeOH) afforded the title compound as a colorless solid (9.8 mg, 0.022 mmol, 
92%). 
1H-NMR (500 MHz, acetone-d6): δ [ppm] = 10.82 (bs, 1 H), 8.09 (s, 2 H), 7.88 (s, 1 H), 7.60 – 7.56 (m, 2 
H), 7.00 – 6.98 (m, 2 H), 6.88 (s, 1 H), 6.80 (d, J = 2.0 Hz, 1 H), 5.47 (bs, 1 H), 4.64 (d, J = 5.5 Hz, 2 H), 
4.61 (dq, J = 6.1 Hz, 1 H), 1.36 (d, J = 6.0 Hz, 6 H). 









amine 5.55 (10 mg, 0.024 mmol), 1H-1,2,4-triazole (5 mg, 0.032 mmol) and Cs2CO3 (26 mg, 
0.079 mmol) were suspended in 1,4-dioxane (0.5 mL). The reaction mixture was heated at 100 °C for 
16 h (microwave), cooled to room temperature, filtered and concentrated in vacuo. The crude product 
was purified via automated flash chromatography (DCM/MeOH) and yielded the title compound as a 
slightly brownish solid (7.5 mg, 0.017 mmol, 70%).  
1H-NMR (500 MHz, acetone-d6): δ [ppm] = 9.15 (s, 1 H), 8.48 (s, 1 H), 8.13 (s, 1 H), 7.74 – 7.72 (m, 2 H), 
7.41 (d, J = 1.8 Hz, 1 H), 7.32 (bs, 1 H), 7.21 (d, J = 2.0 Hz, 1 H), 7.11 – 7.07 (m, 2 H), 4.78 (d, J = 5.7 Hz, 
2 H), 4.70 (dq, J = 6.1 Hz, 1 H), 1.32 (d, J = 6.0 Hz, 6 H). 
13C-NMR (126 MHz, acetone-d6): δ [ppm] = 159.2, 158.3, 153.8, 1245.6, 142.8, 131.3, 122.8, 121.8, 
70.94, 39.15, 22.22. 
HRMS (ESI): C20H20F3N8O+ (M+H)+ calculated: 445.17067 found: 445.16989 
(E)-4-phenoxybenzaldehyde oxime 5.70 
 
4-Phenoxybenzaldehyde (337 mg, 1.70 mmol) and NH2OH∙HCl (119 mg, 1.71 mmol) were dissolved in 
MeOH/H2O (1:3, 10 mL) and stirred for 10 min until the reaction mixture was a clear solution. Then, 
Na2CO3 (90 mg, 1.54 mmol) was added and the reaction mixture was stirred at room temperature for 
3 h. The mixture was extracted with DCM three times, dried over Na2SO4, filtered and the solvent was 
removed under reduced pressure. The title compound was obtained as an off-white solid (215 mg, 
1.01 mmol, 59%) The crude product was used in the next step without further purification. 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.04 (s, 1 H), 7.55 (bs, 1 H), 7.48 – 7.44 (m, 2 H), 7.32 – 7.29 (m, 
2 H), 7.20 – 7.18 (m, 2 H), 7.17 – 7.14 (m, 2 H), 7.10 – 7.05 (m, 1 H). 






Step 1: (E)-4-phenoxybenzaldehyde oxime (197 mg, 0.982 mmol) was dissolved in DCM (3 mL) and 
N-chlorosuccinimide (122 mg, 0.924 mmol) was added. The reaction mixture was stirred at room 
temperature for 6 h until the starting material was fully consumed (TLC, PE/EtOAc). The reaction 
mixture was concentrated in vacuo and the colorless solid (E/Z)-N-hydroxy-4-phenoxybenzimidoyl 
chloride 5.69 was used in the next step without further purification. 
Step 2: (E)-N-hydroxy-4-phenoxybenzimidoyl chloride 5.69 (120 mg, 0.850 mmol) and N-(prop-2-yn-1-
yl)-2-(trifluoromethyl)pyridin-4-amine 1.25 (187 mg, 0.935 mmol) were dissolved in tBuOH/H2O (1:1, 
10 mL). Na2CO3 (397 mg, 3.75 mmol) was added and the mixture was degassed with argon and stirred 
for 10 min at room temperature. Then, Na-ascorbate (17 mg, 10 mol%) and CuSO4∙5 H2O (4.3 mg, 
2 mol%) were added. The mixture was stirred for 16 h at room temperature and H2O was added, 
followed by extraction with EtOAc. The combined organic layers were washed with brine, dried over 
Na2SO4, filtered and concentrated in vacuo. The crude product was purified via automated flash 
chromatography (DCM/MeOH) and yielded the title compound as a colorless solid (7.2 mg, 
0.018 mmol, 2%). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.36 (d, J = 5.7 Hz, 1 h), 7.76 –  7.71 (m, 2 H), 7.41 – 7.36 (m, 2 H), 
7.20 – 7.15 (m, 1 H), 7.07 – 7.04 (m, 4 H), 6.93 (d, J = 2.2 Hz, 1 H), 6.66 (dd, J = 5.7 Hz, J = 2.3 Hz, 1 H), 
6.46 (s, 1 H), 5.04 (bs, 1 H), 4.62 (d, J = 6.0 Hz, 2 H). 
HRMS (ESI): C22H17F3N3O2+ (M+H)+ calculated: 412.12674 found: 412.12633 
4-Phenoxybenzohydrazide 5.77 
 
4-Phenoxybenzoic acid (536 mh, 2.50 mmol) was dissolved in THF (3 mL) and CDI was added (527 mg, 
3.25 mmol). Upon stirring at room temperature for 2 h, the colorless suspension turned to a clear 
yellow solution and N2H4∙H2O (0.38 mL, 7.50 mmol) in THF (2 mL) was added. The mixture was stirred 
for 3 h and saturated NH4Cl solution was added. After extraction with EtOAc, the combined organic 
layers were washed with H2O, dried over Na2SO4 and concentrated in vacuo. The title compound was 
obtained as a colorless solid (566 mg, 2.48 mmol, > 98%). 




LC-MS: m/z: 229 (M+H)+ 
1H-NMR (300 MHz, DMSO-d6): δ [ppm] = 7.89 – 7.84 (m, 2 H), 7.49 – 7.42 (m, 2 H), 7.25 – 7.18 (m, 1 H), 
7.12 – 7.02 (m, 4 H). 
Ethyl 2-oxo-2-(2-(4-phenoxybenzoyl)hydrazinyl)acetate 5.76 
 
4-Phenoxybenzohydrazide 5.77 (114 mg, 0.500 mmol) was dissolved in DCM (2.5 mL) and DIPEA (93 µL 
70.7 mg, 0.550 mmol) was added. The mixture was cooled to 0 °C and ethyl 2-chloro-2-oxoacetate 
(67 µL, 82 mg, 0.600 mmol) in DCM (2.5 mL) was added slowly. The mixture was allowed to warm to 
room temperature and was stirred for 5 h. The reaction was quenched with saturated NH4Cl solution 
and extracted with EtOAc. The combined organic layers were washed with brine and dried over Na2SO4. 
The solvent was evaporated under reduced pressure and the title compound was obtained as a 
colorless solid (136 mg, 0.415 mmol, 83%). The crude product was used in the next step without 
further purification. 
LC-MS: m/z: 329 (M+H)+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 9.90 (bs, 1 H), 9.19 (s, 1 H), 7.85 – 7.81 (m, 2 H), 7.41 – 7.38 (m, 
2 H), 7.22 – 7.19 (m, 1 H), 7.08 – 7.05 (m, 2 H), 7.03 – 6.99 (m, 2 H), 4.42 (q, J = 7.1 Hz, 2 H), 1.41 (t, 
J = 7.1 Hz, 3 H).  
13C-NMR (76 MHz, CDCl3): δ [ppm] = 163.5, 161.8, 158.4, 155.4, 152.6, 130.1, 129.4, 124.7, 120.1, 
117.7, 63.74, 13.96. 
Ethyl 5-(4-phenoxyphenyl)-1,3,4-oxadiazole-2-carboxylate 5.75 
 
Ethyl 2-oxo-2-(2-(4-phenoxybenzoyl)hydrazinyl)acetate 5.76 (153 mg, 0.640 mmol) was dissolved in 
anhydrous DCM (4.5 mL) and anhydrous NEt3 (98 µL, 0.704 mmol) was added. The reaction mixture 
was cooled to 0 °C and TsCl (52 µL, 77 mg, 0.704 mmol) was added. After warming up to room 
temperature the reaction mixture was stirred for 13 h and quenched with saturated NaHCO3 solution, 
followed by extraction with DCM. The combined organic layers were dried over Na2SO4 and the solvent 




was removed in vacuo. The title compound was obtained as a colorless solid (140 mg, 0.454 mmol, 
71%). The crude product was used in the next step without further purification. 
LC-MS: m/z: 311 (M+H)+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.14 – 8.11 (m, 2 H), 7.44 – 7.41 (m, 2 H), 7.24 – 7.22 (m, 1 H), 
7.11 – 7.10 (m, 4 H), 4.57 (q, J = 6.9 Hz, 2 H), 1.49 (t, J = 6.9 Hz, 3 H). 
 (5-(4-Phenoxyphenyl)-1,3,4-oxadiazol-2-yl)methanol 5.74 
 
Ethyl 5-(4-phenoxyphenyl)-1,3,4-oxadiazole-2-carboxylate 5.75 (140 mg, 0.454 mmol) was dissolved in 
THF (3 mL) and NaBH4 (121 mg, 3.20 mmol) was added at 0 °C, followed by slow addition of MeOH 
(3 mL). The reaction mixture was stirred at room temperature for 3 h and then quenched with 
saturated NH4Cl solution. The mixture was then extracted with EtOAc and the combined organic layers 
were dried over Na2SO4 concentrated under reduced pressure. Automated flash chromatography 
(PE/EtOAc) afforded the title compound as a yellow solid (74 mg, 0.276 mmol, 61%). 
LC-MS: m/z: 296 (M+H)+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.03 – 8.02 (m, 2 H), 7.43 – 7.40 (m, 2 H), 7.23 – 7.20 (m, 1 H), 
7.10 – 7.08 (m, 4 H), 4.95 (s, 2 H), 2.45 (bs, 1 H). 




(5-(4-Phenoxyphenyl)-1,3,4-oxadiazol-2-yl)methanol 5.74 (67 mg, 0.248 mmol) was dissolved in DCM 
(1 mL) and PBr3 (26 µL, 74 mg, 0.273 mmol) was added at 0 °C. The reaction mixture was stirred at 
room temperature for 3 h and H2O was added, followed by extraction with EtOAc. The combined 
organic layers were dried over Na2SO4 and the solvent was removed under reduced pressure. The title 
compound was obtained as a colorless solid (80 mg, 0.241 mmol, 98%) and was used in the next step 
without further purification. 
LC-MS: m/z: 332 (M+H)+ 




1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.03 – 8.02 (m, 2 H), 7.43 – 7.40 (m, 2 H), 7.23 – 7.20 (m, 1 H), 
7.10 – 7.08 (m, 4 H), 4.60 (s, 2 H). 





Tert-butyl (2-(trifluoromethyl)pyridin-4-yl)carbamate 1.8 (21 mg, 0.080 mmol) was dissolved in 
anhydrous DMF (0.4 mL) and NaH (60 wt%, 4 mg, 0.110 mmol) was added at 0 °C. The reaction mixture 
was stirred for 1 h and then added dropwise to a solution of 2-(Bromomethyl)-5-(4-phenoxyphenyl)-
1,3,4-oxadiazole 5.73 (24 mg, 0.073 mmol) in anhydrous DMF (0.4 mL) at 0 °C. After stirring for 2 h at 
room temperature, the reaction was quenched with saturated NH4Cl solution and extracted with 
EtOAc. The combined organic layers were washed with saturated LiCl solution, dried over Na2SO4 and 
the solvent was removed under reduced pressure. Automated flash chromatography (PE/EtOAc) 
afforded the title compound as a colorless solid (19 mg, 0.037 mmol, 51%). 
LC-MS: m/z: 456 (M-tBu+H)+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.67 (d, J = 5.6 Hz, 1 H), 7.99 – 7.95 (m, 2 H), 7.91 (d, J = 2.1 Hz, 
1 H), 7.58 (dd, J = 5.6 Hz, J = 2.1 Hz, 1 H), 7.43 – 7.40 (m, 2 H), 7.23 – 7.21 (m, 1 H), 7.10 – 7.07 (m, 4 H), 
5.17 (s, 2 H), 1.53 (s, 9 H). 
 13C-NMR (76 MHz, CDCl3): δ [ppm] = 165.1, 162.3, 161.2, 155.4, 152.2, 150.9, 150.5, 148.9, 130.1, 




carbamate 5.79 (19 mg, 0.037 mmol) was dissolved in DCM (0.36 mL) and TFA (0.04 mL) was added. 
The reaction mixture was stirred at room temperature for 18 h, followed by slow addition of saturated 




NaHCO3. The mixture was extracted with DCM and the combined organic layers were dried over 
Na2SO4 and concentrated in vacuo. The crude product was purified using automated flash 
chromatography (PE/EtOAc) and the title compound was isolated as a colorless solid (13.3 mg, 
(0.032 mmol, 87%). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.38, (d, J = 5.8 Hz, 1 H), 7.98 – 7.94 (m, 2 H), 7.43 – 7.39 (m, 2 H), 
7.23 – 7.20 (m, 1 H), 7.09 – 7.06 (m, 4 H), 7.02 (d, J = 2.4 Hz, 1 H), 6.77 (dd, J = 5.8 Hz, J = 2.4 Hz, 1 H), 
5.41 (bs, 1 H), 4.73 (d, J = 5.9 Hz, 2 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 165.3, 162.3, 161.2, 155.4, 153.1, 150.6, 149.2, 130.1, 128.9, 
124.7, 122.7, 120.5, 120.1, 118.2, 117.4, 109.4, 104.9, 53.41. 
HRMS (ESI): C21H16F3N4O2+ (M+H)+ calculated: 413.12199 found: 413.12099 
Methyl 3-chloro-4-isopropoxybenzoate 5.81 
 
Methyl 3-chloro-4-hydroxybenzoate (746 mg, 4.00 mmol) was dissolved in acetone (8 mL) and Cs2CO3 
(1.43 g, 4.40 mmol) was added. The mixture was stirred for 5 minutes at room temperature and then 
isopropylbromide (0.83 mL, 1.08 g, 8.80 mmol) was added. The reaction mixture was subjected to 
microwave-aided heating at 50 °C for 3 h. The mixture was cooled to room temperature and H2O was 
added. After extraction with EtOAc, the combined organic layers were dried over Na2SO4 and the 
solvent was removed under reduced pressure. The crude product was purified via automated flash 
chromatography (PE/EtOAc) and the title compound was isolated as a colorless oil (745 mg, 3.27 mmol, 
82%). 
LC-MS: m/z: 229 (M+H)+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.06 (s, 1 H), 7.90 (d, J = 8.5 Hz, 1 H), 6.95 (d, J = 8.5 Hz, 1 H), 
4.70 – 4.65 (m, 1 H), 3.90 (s, 3 H), 1.43 (d, J = 4.1 Hz, 6 H). 








Methyl 3-chloro-4-isopropoxybenzoate 5.81 (330 mg, 1.44 mmol) was dissolved in EtOH (4 mL) and 
N2H4∙H2O (0.70 mL, 14.4 mmol) was added. The reaction mixture was stirred at 80 °C for 5 h and after 
cooling to room temperature, saturated NH4Cl solution was added. The mixture was extracted three 
times with EtOAc and the combined organic layers were washed with brine. The combined organic 
layers were then dried over Na2SO4 and concentrated under reduced pressure, affording the title 
compound as a colorless solid (278 mg, 1.21 mmol, 87%). 
LC-MS: m/z: 229 (M+H)+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 7.79 (s, 1 H), 7.62 (d, J = 8.4 Hz, 1 H), 7.23 (bs, 1 H), 6.97 (d, 
J = 8.4 Hz, 1 H), 4.68 – 4.64 (m, 1 H), 1.69 (bs, 2 H), 1.42 (d, J = 4.0 Hz, 1 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 166.1, 151.1, 129.5, 126.8, 125.5, 124.4, 114.5, 72.28, 22.13. 
Ethyl 5-(3-chloro-4-isopropoxyphenyl)-1,3,4-oxadiazole-2-carboxylate 5.83 
 
3-Chloro-4-isopropoxybenzohydrazide 5.82 (278 mg, 1.21 mmol) was dissolved in anhydrous 
DCM (8 mL) and anhydrous NEt3 (0.34 mL, 2.42 mmol, 244 mg) was added. The mixture was cooled to 
0 °C, ethyl 2-chloro-2-oxoacetate (0.15 mL, 181 mg, 1.33 mmol) was added and the mixture was 
allowed to warm to room temperature overnight. After 15 h starting material was fully consumed (TLC, 
PE/EtOAc 7:3) and anhydrous NEt3 (0.17 mL, 122 mg, 1.21 mmol) was added. The reaction mixture was 
cooled to 0 °C and TsCl (231 mg, 1.21 mmol) was added. The mixture was stirred for 4 h at room 
temperature and then carefully quenched with saturated NaHCO3 solution. After extraction with DCM, 
the combined organic layers were washed with 1 M HCl and dried over Na2SO4. The solvent was 
removed in vacuo and the crude product was used in the next step without further purification. The 
title compound was obtained as a yellow oil (355 mg, 1.14 mmol, 94%). 
LC-MS: m/z: 311 (M+H)+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.18 (s, 1 H), 8.03 (d, J = 8.5 Hz, 1 H), 7.06 (d, J = 8.5 Hz, 1 H), 
4.73 – 4.69 (m, 1 H), 4.56 (q, J = 6.7 Hz, 2 H), 1.49 (t, J = 6.8 Hz, 3 H), 1.44 (d, J = 5.7 Hz, 6 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 165.5, 157.3, 156.2, 154.4, 129.7, 127.5, 124.7, 115.3, 114.4, 
72.16, 63.52, 21.86, 14.09. 
2-(Bromomethyl)-5-(3-chloro-4-isopropoxyphenyl)-1,3,4-oxadiazole 5.84 





Step 1: Ethyl 5-(3-chloro-4-isopropoxyphenyl)-1,3,4-oxadiazole-2-carboxylate 5.83 (193, 0.622 mmol) 
was dissolved in MeOH and NaBH4 (235 mg, 6.22 mmol) was added slowly at 0 °C. The reaction mixture 
was stirred for 14 h at room temperature and saturated NH4Cl solution was added. The mixture was 
extracted three times with EtOAc and the combined organic layers were dried over Na2SO4. The solvent 
was removed under reduced pressure and the crude product was used in the next step without further 
purification. 
LC-MS: m/z: 269 (M+H)+ 
Step 2: The crude product from step 1 (94 mg, 0.350 mmol) was dissolved in DCM (1.4 mL) and PBr3 
(37 µL, 0.385 mmol) was added at 0 °C. The reaction was stirred for 3 h and H2O was added, followed 
by extraction with EtOAc. The combined organic layers were driver over Na2SO4 and the solvent was 
removed under reduced pressure. The crude product was used without further purification and the 
title compound was obtained as a colorless solid (100 mg, 302 µmol, 94%). 
LC-MS: m/z: 332 (M+H)+ 
1H-NMR (500 MHz, CDCl3): δ [ppm] = 8.08 (d, J = 2.1 Hz, 1 H), 7.93 (dd, J = 8.7 Hz, J = 2.1 Hz, 1 H), 7.04 
(d, J = 8.7 Hz, 1 H), 4.69 (sept, J = 6.1 Hz, 1 H), 1.44 (d, J = 6.1 Hz, 6 H). 
Tert-butyl but-2-yn-1-yl(2-(trifluoromethyl)pyridin-4-yl)carbamate 5.86 
 
Tert-butyl prop-2-yn-1-yl(2-(trifluoromethyl)pyridin-4-yl)carbamate 1.24 (80 mg, 0.267 mmol) was 
dissolved in anhydrous THF (1.3 mL) and LDA (1.0 M in THF, 0.27 mL, 0.270 mmol) was added at –78 °C. 
The resulting yellow solution was stirred for 1 h at this temperature and MeI (19 µL, 42 mg, 
0.297 mmol) was added. The reaction mixture was allowed to warm to room temperature and stirred 
for 18 h. Saturated NH4Cl solution was added and the mixture was extracted with EtOAc three times, 
dried over Na2SO4 and concentrated in vacuo. The crude product was purified using automated flash 
chromatography (PE/EtOAc). The title compound was obtained as a colorless solid (70 mg, 
0.223 mmol, 83%. 




1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.63 (d, J = 5.7 Hz, 1 H), 7.87 (d, J = 2.1 Hz, 1 H), 7.57 (dd, 
J = 5.7 Hz, J = 2.1 Hz, 1 H), 4.44 – 4.43 (m, 2 H), 1.58 (s, 9 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 152.4, 150.6, 150.4, 146.8, 119.1, 113.3, 111.2, 103.5, 8.31, 81.07, 




Tert-butyl but-2-yn-1-yl(2-(trifluoromethyl)pyridin-4-yl)carbamate 5.86 (20 mg, 0.064 mmol) and 
1-azido-4-phenoxybenzene (14 mg, 0.064 mmol) were dissolved in MeCN and stirred at 80 °C for 3 d. 
The solvent was removed under reduced pressure and the crude product was purified via automated 
flash chromatography (PE/EtOAc). The title compound was obtained as a colorless solid (2.6 mg, 
0.006 mmol, 10%). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.35 (d, J = 5.7 Hz, 1 H), 7.43 – 7.42 (m, 2 H), 7.42 – 7.43 (m, 2 h), 
7.23 – 7.20 (m, 1 H), 7.16 – 7,14 (m, 2 H), 7.11 – 7.09 (m, 2 H), 6.93 (d, J = 2.3 Hz, 1 H), 6.71 (dd, 
J = 5.7 Hz, J = 2.3 Hz, 1 H), 5.19 (bs, 1 H), 4.48 (d, J = 4.9 Hz, 2 H), 2.35 (s, 3 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 158.9, 155.9, 153.7, 150.3, 148.8, 140.5, 130.9, 130.1, 128.2, 
127.6, 126.6, 124.5, 119.8, 118.8, 109.4, 104.5, 38.18, 8.82. 




The compound was prepared according to GP4. 2-Chloro-N-(prop-2-yn-1-yl)-6-
(trifluoromethyl)pyridin-4-amine 4.17 (30 mg, 0.125 mmol) and 5-amino-2-hydroxybenzonitrile 
(20 mg, 0.125 mmol) were used. Automated flash chromatography (DCM/MeOH) afforded the title 
compound as a colorless solid (17.4 mg, 0.044 mmol, 36%). 
LC-MS: m/z: 395 (M+H)+ 







The compound was prepared according to GP4. 2-Chloro-N-(prop-2-yn-1-yl)-6-
(trifluoromethyl)pyridin-4-amine 4.17 (30 mg, 0.125 mmol) and 4-amino-3-fluorophenol (19 mg, 
0.125 mmol) were used. Automated flash chromatography (DCM/MeOH) afforded the title compound 
as a colorless solid (47.7 mg, 0.123 mmol, > 98%). 





benzonitrile 5.92 (17 mg, 0.044 mmol) was dissolved in acetone (0.44 mL) and Cs2CO3 (16 mg, 
0.048 mmol) was added. The mixture was stirred for 10 minutes at room temperature and 
isopropylbromide (12 µL, 16 mg, 0.132 mmol) was added. The mixture was then stirred at 60 °C for 2 d 
and after cooling to room temperature, saturated NH4Cl solution was added. EtOAc was added and 
the mixture was extracted three times. The combined organic layers were washed with saturated 
Na2CO3 solution, dried over Na2SO4, filtered and concentrated in vacuo. Automated flash 
chromatography afforded the title compound as a colorless solid (8.7 mg, 0.020 mmol, 45%). 
1H-NMR (500 MHz, acetone-d6): δ [ppm] = 8.60 (s, 1 H), 8.14 (s, 1 H), 7.47 – 7.46 (m, 1 H), 7.22 – 7.18 
(m, 1 H), 7.15 (s, 1 H), 6.93 (s, 1 H), 4.92 (sept, J = 5.7 Hz, 1 H), 4.71 (d, J = 5.8 Hz, 2 H), 1.42 (d, 
J = 6.1 Hz, 6 H). 
13C-NMR (126 MHz, acetone-d6): δ [ppm] = 160.6, 157.7, 146.1, 11.2, 127.6, 126.4, 121.9, 116.1, 104.2, 
73.38, 38.90, 22.05. 
HRMS (ESI): C19H17ClF3N6O+ (M+H)+ calculated: 437.10989 found: 437.10955 








5.93 (53 mg, 0.137 mmol) was dissolved in acetone 1.37 mL) and Cs2CO3 (49 mg, 0.151 mmol) was 
added. The mixture was stirred for 10 minutes at room temperature and isopropylbromide (39 µL, 
50 mg, 0.411 mmol) was added. The mixture was then stirred at 60 °C for 2 d and after cooling to room 
temperature, saturated NH4Cl solution was added. EtOAc was added and the mixture was extracted 
three times. The combined organic layers were washed with saturated Na2CO3 solution, dried over 
Na2SO4, filtered and concentrated in vacuo. Automated flash chromatography afforded the title 
compound as a colorless solid (50.5 mg, 0.117 mmol, 86%). 
1H-NMR (500 MHz, acetone-d6): δ [ppm] = 8.32 (s, 1 H), 7.68 (dd, J = 8.9 Hz, 1 H), 7.17 – 7.16 (m, 2 H), 
7.01 – 6.69 (m, 1 H), 6.95 (bs, 2 H), 4.76 (dt, J = 6.0 Hz, 1 H), 4.71 (d, J = 5.7 Hz, 2 H), 1.36 (d, J = 6.0 Hz, 
6 H). 
13C-NMR (126 MHz, acetone-d6): δ [ppm] = 160.9, 157.8, 157.3, 155.3, 145.2, 127.6, 125.2, 113.4,  
HRMS (ESI): C18H17ClF4N5O+ (M+H)+ calculated: 430.10523 found: 430.10503 
Tert-butyl (4-cyano-3-(trifluoromethyl)phenyl)carbamate 6.2 
 
4-Amino-2-(trifluoromethyl)benzonitrile (500 mg, 2.68 mmol) was dissolved in THF (4.5 mL) and DMAP 
(33 mg, 0.27 mmol) was added. The mixture was cooled to 0 °C and Boc2O (645 mg, 2.96 mmol) in THF 
(1.5 mL) was added. The reaction mixture was allowed to warm to room temperature and was then 
stirred for 15 h. After addition of H2O, the mixture was extracted three times with Et2O and the 
combined organic layers were washed with brine, dried over Na2SO4 and the solvent was removed 
under reduced pressure. The crude product was purified via automated flash chromatography 
(PE/EtOAc) and afforded the title compound as a colorless solid (530 mg, 1.85 mmol, 69%). 
LC-MS: m/z: 230 (M-tBu+H)+ 




1H-NMR (300 MHz, CDCl3): δ [ppm] = 7.89 (d, J = 1.8 Hz, 1 H), 7.74 (d, J = 8.5 Hz, 1 H), 7.66 (dd, 
J = 8.5 Hz, J = 1.8 Hz, 1 H), 6.96 (bs, 1 H), 1.54 (s, 9 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 151.6, 142.9, 135.2, 131.5, 126.6, 123.9, 120.2, 115.7, 102.3, 
84.49, 28.13. 
Tert-butyl (4-cyano-3-(trifluoromethyl)phenyl)(prop-2-yn-1-yl)carbamate 6.3 
 
Tert-butyl (4-cyano-3-(trifluoromethyl)phenyl)carbamate 6.2 (300 mg, 1.05 mmol) was dissolved in 
DMF and NaH (60 wt%, 54 mg, 1.26 mmol) was added at 0 °C. After stirring for 10 min, propargyl 
bromide (0.61 mL, 1.26 mmol) was added dropwise and the mixture was allowed to warm to room 
temperature and was stirred for 3 h. Then, 0.1 M HCl was added and the reaction mixture was 
extracted with Et2O three times. The combined organic layers were dried over Na2SO4, filtered and 
concentrated in vacuo. The title compound was obtained as a brownish oil (325 mg, 1.00 mmol. 96%) 
and was used in the next step without further purification. 
LC-MS: m/z: 268 (M-tBu+H)+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 7.90 (d, J = 1.7 Hz, 1 H), 7.81 (d, J = 8.5 Hz, 1 H), 7.71 (dd 
J = 8.4 Hz, J = 2.0 Hz, 1 H), 4.46 (d, J = 2.6 Hz, 2 H), 1.52 (s, 9 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 152.5, 146.2, 144.2, 153.1, 133.1, 131.6, 129.7, 127.0, 122.9, 
115.4, 107.5, 83.38, 73.21, 39.02, 28.12. 
4-(Prop-2-yn-1-ylamino)-2-(trifluoromethyl)benzonitrile 6.4 
 
Tert-butyl (4-cyano-3-(trifluoromethyl)phenyl)(prop-2-yn-1-yl)carbamate 6.3 (65 mg, 0.200 mmol) 
was dissolved in DCM (2 mL), TFA was added (1 mL) and the mixture was stirred at room temperature 
for 16 h. The reaction was quenched with water and extracted three times with DCM. The combined 
organic layers were carefully washed with saturated NaHCO3 solution, dried over Na2SO4, concentrated 
in vacuo and purified via automated flash chromatography (PE/EtOAc). The title compound was 
obtained as a slightly yellow solid (43 mg, 0.192 mmol, 96%). 
LC-MS: m/z: 225 (M+H)+ 




1H-NMR (300 MHz, CDCl3): δ [ppm] = 7.63 (d, J = 8.6 Hz, 1 H), 6.97 (d, J = 2.2 Hz, 1 H), 6.82 (dd, 
J = 8.6 Hz, J = 2.3 Hz, 1 H), 4.86 (bs, 1 H), 4.03 (dd, J = 5.8 Hz, J = 2.4 Hz, 2 H), 2.30 (t, J = 2.4 Hz, 1 H). 
4-(((1-(4-Phenoxyphenyl)-1H-1,2,3-triazol-4-yl)methyl)amino)-2-(trifluoromethyl)benzonitrile 6.5 
 
4-(Prop-2-yn-1-ylamino)-2-(trifluoromethyl)benzonitrile 6.4 (16 mg, 0.071 mmol) and 1-azido-
4-phenoxybenzene (15 mg, 0.071 mmol) were dissolved in H2O/tBuOH (1:1, 1 mL) and DIPEA was 
added (0.1 mL, 76 mg, 0.589 mmol). The reaction mixture was purged with argon for 10 min and Na 
ascorbate (1.2 mg, 0.006 mmol) and CuSO4∙5 H2O (1.5 mg, 0.006 mmol) were added. The mixture was 
then purged with argon for 5 min and stirred at 40 °C for 18 h. Then, 1 M HCl was added and the 
mixture was extracted with EtOAc three times. The combined organic layers were washed with brine, 
dried over Na2SO4 and concentrated in vacuo. The crude product was purified via automated flash 
chromatography (PE/EtOAc) and afforded the title compound as a colorless solid (8.6 mg, 0.020 mmol, 
28%). 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 7.87 (s, 1 H), 7.67 – 7.63 (m, 2 H), 7.61 (d, J = 8.7 Hz, 1 H), 
7.43 – 7.39 (m, 2 H), 7.22 – 7.17 (m, 1 H), 7.16 – 7.11 (m, 2 H), 7.10 – 7.13 (m, 2 H), 6.99 (d, J = 2.2 Hz, 
1 H), 8.83 (dd, J = 8.7 Hz, J = 2.2 Hz, 1 H), 5.25 (bs, 1 H), 4.61 (d, J = 5.5 Hz, 2 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 158.3, 156.1, 150.3, 144.3, 136.3, 131.8, 130.1, 124.3, 122.4, 
119.9, 119.5, 119.2, 116.8, 114.2, 110.6, 96.74, 39.00. 
HRMS (ESI): C23H17F3N5O+ (M+H)+ calculated: 436.13797 found: 436.13721 
6-Bromo-2-(trichloromethyl)-4-(trifluoromethyl)-1H-benzo[d]imidazole 6.8 
 
5-Bromo-3-(trifluoromethyl)benzene-1,2-diamine (2.55 g, 10.0 mmol) was dissolved in HOAc (26 mL) 
and methyl 2,2,2-trichloroacetimidate (1.49 mL, 2.12 g, 12.0 mmol) was added. The mixture was 
stirred at room temperature for 2 h and H2O was added. After extraction with EtOAc, the combined 
organic layers were washed with brine and saturated NaHCO3 solution. The organic layer was dried 




over Na2SO4 and the solvent was removed in vacuo. The title compound was obtained as a white solid 
(3.81, 9.97 mmol, > 98%). 
LC-MS: m/z: 383 (M+H)+ 
Methyl 6-bromo-4-(trifluoromethyl)-1H-benzo[d]imidazole-2-carboxylate 6.7 
 
6-Bromo-2-(trichloromethyl)-4-(trifluoromethyl)-1H-benzo[d]imidazole 6.8 (3.81 g, 9.97 mmol) was 
dissolved in MeOH (100 mL) and Na2CO3 (1.69 g, 18.5 mmol) was added. The mixture was stirred for 
28 h at room temperature. Then, 1 M HCl was added slowly and the mixture was stirred for 30 min at 
room temperature. The reaction mixture was extracted with Et2O three times, dried over Na2SO4, 
filtered and the solvent was removed under reduced pressure. The title compound was obtained as a 
yellow solid (3.16 g, 9.78 mmol, 98%) and was used in the next step without further purification. 
LC-MS: m/z: 324 (M+H)+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.19 (bs, 1 H), 7.82 (bs, 1 H), 4.11 (s, 3 H). 
1-(Tert-butyl) 2-methyl 6-bromo-4-(trifluoromethyl)-1H-benzo[d]imidazole-1,2-dicarboxylate 6.14 
 
Methyl 6-bromo-4-(trifluoromethyl)-1H-benzo[d]imidazole-2-carboxylate 6.7 (1.05 g, 3.25 mmol) was 
dissolved in DCM followed by the addition of NEt3 (0.92 mL, 656 mg, 6.50 mmol), DMAP (40 mg, 
0.325 mmol) and Boc2O (1.50 g, 6.50 mmol). The reaction mixture was stirred for 2 h at room 
temperature and saturated NH4Cl solution was added. The mixture was extracted with DCM and the 
combined organic layers were washed with brine and dried over Na2SO4. The solvent was removed 
under reduced pressure and afforded the title compound as a yellow solid (1.37 g, 3.24 mmol, > 98%). 
The compound was used in the next step without further purification. 
LC-MS: m/z: 367 (M-tBu+H)+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.43 (d, J = 1.7 Hz, 1 H), 7.82 (d, J = 1.7 Hz, 1 H), 4.05 (s, 3 H), 1.67 
(s, 9 H). 








2-Chloro-1,5-dinitro-3-(trifluoromethyl)benzene (540 mg, 2.00 mmol) was dissolved in DMSO (10 mL) 
and NH4OH (10 mL) was added. The mixture was degassed with argon for 10 minutes and Cu2O (28 mg, 
20 mol%) and 1,10-phenanthroline (72 mg, 40 mol%) were added. The reaction mixture was then 
stirred for 21 h at 80 °C (microwave). After cooling to room temperature, H2O was added and the 
mixture was extracted three times with EtOAc. The combined organic layers were washed three times 
with half-saturated NaCl solution, dried over MgSO4, filtered and concentrated in vacuo. The title 
compound was obtained as a colorless solid The crude product was used in the next step without 
further purification. (465 mg, 1.85 mmol, 93%). 
LC-MS: m/z: 252 (M+H)+ 
1H-NMR (300 MHz, DMSO-d6): δ [ppm] = 9.31 (s, 1 H), 8.64 (s, 1 H). 
Methyl 2-((2,4-dinitro-6-(trifluoromethyl)phenyl)amino)-2-oxoacetate 6.11 
 
2,4-Dinitro-6-(trifluoromethyl)aniline 6.12 (25 mg, 0.100 mmol) was dissolved in anhydrous DCM 
(1 mL) followed by the addition of DIPEA (19 µL, 25 mg, 0.110 mmol), and DMAP (1.2 mg, 0.010 mmol). 
The mixture was cooled to 0 °C and methyl 2-chloro-2-oxoacetate (11 µL, 13.4 mg, 0.110 mmol) was 
added dropwise. The reaction mixture was stirred for 30 minutes and was allowed to warm to room 
temperature. Then, saturated NH4Cl solution was added and the mixture was extracted with EtOAc 
three times and the combined organic layers were washed with brine, dried over Na2SO4, filtered and 
concentrated under reduced pressure. The title compound was obtained as a colorless solid (332 mg, 
0.986 mmol, > 98%). The crude product was used in the next step without further purification. 
LC-MS: m/z: 338 (M+H)+ 




1H-NMR (300 MHz, CDCl3): δ [ppm] = 9.47 (bs, 1 H), 9.05 (d, J = 2.4 Hz, 1 H), 8.84 (d, J = 2.4 Hz, 1 H), 
4.04 (s, 3 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 159.2, 154.1, 145.0, 131.9, 128.3, 125.8, 124.6, 122.5, 120.3, 
54.82. 
Methyl 6-amino-4-(trifluoromethyl)-1H-benzo[d]imidazole-2-carboxylate 6.10 
 
Methyl 2-((2,4-dinitro-6-(trifluoromethyl)phenyl)amino)-2-oxoacetate 6.11 (345 mg, 1.02 mmol) was 
dissolved in EtOH (5 mL) and the solution was purged with argon for 10 minutes followed by the 
addition of Pd/C (5.4 mg, 5 mol%). After degassing the mixture for further 10 minutes, H2 was bubbled 
through the mixture for 5 minutes. The reaction mixture was then stirred under an H2 atmosphere for 
5 h. Upon filtration over SiO2 the solvent was removed under reduced pressure and automated flash 
chromatography (DCM/MeOH) afforded the title compound as a colorless solid (179 mg, 0.690 mmol, 
68%). 
LC-MS: m/z: 305 (M+HCOOH)+ 
Mixture of tautomers (1:1) 
Tautomer 1: 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.71 (bs, 1 H), 7.01 – 7.00 (m, 1 H), 6.81 – 6.79 (m, 1 H), 3.17 (s, 
3 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 163.1, 154.5, 145.3, 143.8, 136.9, 130.3, 111.2, 106.8, 100.5, 53.01 
Tautomer 2: 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 8.18 (bs, 1 H), 6.81 – 6.80 (m, 1 H), 6.79 – 6.78 (m, 1 H), 3.07 (s, 
3 H). 
13C-NMR (76 MHz, CDCl3): δ [ppm] = 163.1, 154.5, 145.3, 143.8, 136.9, 130.3, 111.2, 106.8, 100.5, 
48.60. 
Ethyl 2,4-dihydroxy-6-(trifluoromethyl)nicotinate 6.32 






 (E/Z)-3-amino-4,4,4-trifluorobut-2-enoate 6.29 (18.0 g, 98.3 mmol) was dissolved in DCM/pyridine 
(9:1, 98 mL) and 3-chloro-3-oxopropanoate 6.30 (15.1 mL, 17.8 g, 118 mmol) was added dropwise at 
0 °C over a period of 30 minutes. The reaction mixture was stirred at room temperature for 18 h and 
1 M HCl was added, followed by extraction with EtOAc. The combined organic layers were dried over 
MgSO4 and concentrated under reduced pressure.  
LC-MS: m/z: 298 (M+H)+ 
Step 2: 
The crude product was then dissolved in EtOH (172 mL) and KOtBu (18.0 g, 0.160 mmol) was added. 
The mixture was stirred at 80 °C for 18 h. After cooling to room temperature the solvent was 
evaporated and the title compound was obtained as a colorless solid. The crude product was used in 
the next step without further purification. 
LC-MS: m/z: 252 (M+H)+ 
1H-NMR (300 MHz, DMSO-d6): δ [ppm] = 11.97 (bs, 1 H), 9.82 (bs, 1 H), 6.77 (s, 1 H), 4.23 (q, J = 7.1 Hz, 
2 H), 1.23 (t, J = 7.2 Hz, 3 H). 
13C-NMR (76 MHz, DMSO-d6): δ [ppm] = 165.4, 165.0, 162.6, 144.3, 121.1, 106.0, 102.3, 61.05, 14.11. 
6-(Trifluoromethyl)pyridine-2,4-diol 6.33 
 
Ethyl 2,4-dihydroxy-6-(trifluoromethyl)nicotinate 6.32 was dissolved in 6 M HCl (210 mL) and stirred 
at 100 °C for 23 h. After cooling to room temperature, H2O was added and the reaction mixture was 
extracted five times with Et2O. The combined organic layers were dried over MgSO4 and the solvent 
was removed under reduced pressure. The title compound was obtained as colorless solid (96.9 g, 
54.1 mmol, 55% over 3 steps).  
LC-MS: m/z: 180 (M+H)+ 




1H-NMR (300 MHz, DMSO-d6): δ [ppm] = 11.57 (bs, 2 H), 6.70 (d, J = 1.8 Hz, 1 H), 6.15 (d, J = 1.8 Hz, 
1 H). 
13C-NMR (76 MHz, DMSO-d6): δ [ppm] = 168.6, 165.9, 144.5, 121.6, 103.1, 98.06. 
3-Nitro-6-(trifluoromethyl)pyridine-2,4-diol 6.34 
 
6-(Trifluoromethyl)pyridine-2,4-diol 6.33 (3.92 g, 21.9 mmol) was dissolved in concentrated H2SO4 and 
HNO3 (70%) was added dropwise. The resulting dark brown solution was stirred for 16 h. The reaction 
mixture was then poured onto ice and H2O was added carefully. The mixture was stirred for 
30 minutes, followed by extraction with Et2O. The combined organic layers were washed with brine, 
dried over MgSO4 and concentrated in vacuo. The title compound was obtained as a yellow solid 
(4.84 g, 21.6 mmol, > 98%) and used in the next step without further purification. 
LC-MS: m/z: 225 (M+H)+ 
1H-NMR (300 MHz, DMSO-d6): δ [ppm] = 6.81 (s, 1 H). 
13C-NMR (76 MHz, DMSO-d6): δ [ppm] = 159.4, 157.2, 143.1, 126.9, 120.5, 102.4. 
4-Chloro-3-nitro-6-(trifluoromethyl)pyridin-2-ol 6.28 
 
3-Nitro-6-(trifluoromethyl)pyridine-2,4-diol 6.34 (4.84 g, 21.6 mmol) was dissolved in PhPOCl2 (15 mL, 
108 mmol) and stirred for 5 h at 100 °C. The reaction mixture was allowed to cool to room temperature 
and carefully poured onto ice. After stirring for 30 minutes the mixture was extracted with Et2O and 
the combined organic layers were washed with brine, dried over Na2SO4, filtered and concentrated in 
vacuo. Automated flash chromatography (PE/EtOAc) afforded the title compound as a yellow solid 
(4.66 g, 19.2 mmol, 89%) 
LC-MS: m/z: 243 (M+H)+ 
1H-NMR (300 MHz, DMSO-d6): δ [ppm] = 7.75 (s, 1 H). 
13C-NMR (76 MHz, DMSO-d6): δ [ppm] = 156.7, 144.7, 137.6, 136.5, 120.0, 113.4. 
3-Nitro-4-(prop-2-yn-1-ylamino)-6-(trifluoromethyl)pyridin-2-ol 6.27 





4-Chloro-3-nitro-6-(trifluoromethyl)pyridin-2-ol 6.28 (945 mg, 3.89 mmol) was dissolved in anhydrous 
THF (10 mL) and DIPEA (0.73 mL, 552 mg, 4.30 mmol) was added. After stirring at room temperature 
for 30 minutes, propargylamine (0.55 mL, 471 mg, 8.56 mmol) was added. The reaction mixture was 
stirred for 18 h at room temperature and then, saturated NH4Cl solution was added. The mixture was 
extracted three times with EtOAc and the combined organic layers were washed with brine, dried over 
Na2SO4 and concentrated in vacuo. Automated flash chromatography (PE/EtOAc) afforded the title 
compound as an off-white solid (486 mg, 1.86 mmol, 48%). 
LC-MS: m/z: 262 (M+H)+ 
1H-NMR (300 MHz, DMSO-d6): δ [ppm] = 8.65 (bs, 1 H), 6.47 (s, 1 H), 4.27 (dd, J = 5.8 Hz, J = 2.4 Hz, 
2 H), 3.34 (t, J = 2.4 Hz, 1 H). 





3-Nitro-4-(prop-2-yn-1-ylamino)-6-(trifluoromethyl)pyridin-2-ol 6.27 (275 mg, 1.05 mmol) was 
dissolved in H2O/tBuOH (1:1, 10 mL) and DIPEA (0.36 mL, 274 mg, 2.10 mmol) was added. The reaction 
was purged with argon and 1-azido-4-phenoxybenzene (222 mg, 1.05 mmol), Na ascorbate (42 mg, 
20 mol%) and CuSO4∙5 H2O (26 mg, 10 mol%) were added. The reaction mixture was stirred for 15 h 
and 1 M HCl was added, followed by extraction with EtOAc. The combined organic layers were washed 
with brine, dried over Na2SO4 and the solvent was removed in vacuo. Automated flash chromatography 
(DCM/MeOH) afforded the title compound as a brownish solid (317 mg, 0.672 mmol, 64%). 
LC-MS: m/z: 473 (M+H)+ 




1H-NMR (300 MHz, DMSO-d6): δ [ppm] = 8.68 (s, 1 H), 8.54 (t, J = 5.8 Hz, 1 H), 7.88 – 7.85 (m, 2 H), 7.61 
(s, 1 H), 7.46 – 7.41 (m, 2 H), 7.22 – 7.20 (m, 1 H), 7.19 – 7.17 (m, 2 H), 7.11 – 7.08 (m, 2 H), 4.75 (d, 
J = 5.8 Hz, 2 H). 
13C-NMR (76 MHz, DMSO-d6): δ [ppm] = 156.9, 155.9, 148.4, 145.9, 144.1, 142.6, 132.7, 131.9, 131.6, 





6.35 (130 mg, 0.275 mmol) was dissolved in PhPOCl2 (1.5 mL) and stirred for 5 h at 80 °C. The mixture 
was allowed to cool to room temperature and then carefully poured onto ice. EtOAc was added and 
the mixture was stirred for 15 min. The phases were separated and the aqueous phase was extracted 
twice with EtOAc. The combined organic layers were washed with brine and dried over Na2SO4, filtered 
and concentrated in vacuo. The crude product was purified using automated flash chromatography 
(DCM/MeOH) and afforded the title compound as a yellowish solid (108 mg, 0.220 mmol, 80%). 
LC-MS: m/z: 491 (M+H)+ 
1H-NMR (300 MHz, acetone-d6): δ [ppm] = 8.56 (s, 1 H), 7.87 (bs, 1 H), 7.86 – 7.83 (m, 2 H), 7.73 (s, 
1 H), 7.46 – 7.42 (m, 2 H), 7.22 – 7.20 (m, 1 H), 7.19 – 7.15 (m, 2 H), 7.11 – 7.09 (m, 2 H), 4.96 (s, 2 H). 
13C-NMR (76 MHz, acetone-d6): δ [ppm] = 158.8, 150.1, 145.1, 144.9, 131.1, 125.1, 123.1, 122.1, 120.3, 





amine 6.26 (98 mg, 0.200 mmol) were dissolved in 1,4-dioxane (1 mL) and NH4OH (1 mL). The reaction 




mixture was purged with argon and Cu2O (2.9 mg, 10 mol%) and 1,10-phenanthroline (7.2 mg, 
20 mol%) were added. The mixture was purged with argon and stirred for 1 h at 100 °C (microwave). 
The crude mixture was filtered over SiO2 and automated flash chromatography (DCM/MeOH) afforded 
the title compound as an off-white solid (68.3 mg, 0.145 mmol, 72%). 
LC-MS: m/z: 472 (M+H)+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 9.61 (bs, 1 H), 7.91 (s, 1 H), 7.69 – 7.65 (m, 2 H), 7.42 – 7.38 (m, 
2 H), 7.21 – 7.18 (m, 1 H), 7.16 – 7.12 (m, 2 H), 7.10 – 7.06 (m, 2 H), 6.59 (s, 1 H), 4.78 (d, J = 5.3 Hz). 
13C-NMR (76 MHz, acetone-d6): δ [ppm] = 158.8, 156.4, 150.1, 144.8, 144.2, , 125.1, 123.1, 122.1, 





diamine 6.36 (77 mg, 0.163 mmol) was dissolved in anhydrous DCM (1.6 mL) followed by the addition 
of DIPEA (33 µL, 0.196 mmol) and DMAP (2.4 mg, 0.020 mmol). The mixture was cooled to 0 °C and 
methyl 2-chloro-2-oxoacetate (18 µL, 0.196 mmol) was added slowly to the solution. While stirring for 
3 h, the mixture was allowed to warm to room temperature and H2O was added. The mixture was 
extracted with EtOAc and the combined organic layers were washed with saturated NH4Cl solution and 
brine. The organic layer was dried over Na2SO4, filtered and the solvent was removed under reduced 
pressure. The title compound was afforded as an off-white solid (72.7 mg, 0.130 mmol, 80%). 
LC-MS: m/z: 558 (M+H)+ 
1H-NMR (300 MHz, CDCl3): δ [ppm] = 9.61 (bs, 1 H), 7.91 (s, 1 H), 7.69 – 7.65 (m, 2 H), 7.42 – 7.38 (m, 
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